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ÇÇÖÑÖçàÖ

 

é‰ÌÓÈ ËÁ ‡ÍÚÛ‡Î¸Ì˚ı ÔÓ·ÎÂÏ, Ò‚flÁ‡ÌÌÓÈ Ò
‡ÌÌÂÈ „ÂÓÎÓ„Ë˜ÂÒÍÓÈ ËÒÚÓËÂÈ áÂÏÎË, fl‚ÎflÂÚÒfl
‚˚fl‚ÎÂÌËÂ, ‰‡ÚËÓ‚‡ÌËÂ Ë ÔÓÒÎÂÊË‚‡ÌËÂ ̋ ‚ÓÎ˛-
ˆËË ‰Â‚ÌÂÈ¯Ëı ÔÎÛÚÓÌË˜ÂÒÍËı Ë ÒÛÔ‡ÍÛÒÚ‡Î¸-
Ì˚ı ÔÓÓ‰ Ô‡ÎÂÓ‡ıÂfl. êÛ·ÂÊ 3.6 ÏÎ‰. ÎÂÚ ÍË-
ÚË˜ÂÌ ‚ ÚÓÏ ÓÚÌÓ¯ÂÌËË, ̃ ÚÓ Ó ·ÓÎÂÂ ‡ÌÌÂÈ „‡‰ÂÈ-
ÒÍÓÈ „ÂÓÎÓ„Ë˜ÂÒÍÓÈ ËÒÚÓËË ËÁ‚ÂÒÚÌÓ Í‡ÈÌÂ
Ï‡ÎÓ. àÏÂÂÚÒfl ÎË¯¸ Ó„‡ÌË˜ÂÌÌÓÂ ˜ËÒÎÓ Ì‡‰ÂÊ-
ÌÓ Ë‰ÂÌÚËÙËˆËÓ‚‡ÌÌ˚ı ÍÓÏÔÎÂÍÒÓ‚ ÒÚÓÎ¸ ‰Â‚-
ÌËı ÔÓÓ‰. ùÚÓ ÚÓÌ‡ÎËÚ-ÚÓÌ‰¸ÂÏËÚ-„‡ÌÓ‰ËÓË-
ÚÓ‚‡fl (ííÉ) ‡ÒÒÓˆË‡ˆËfl ‚ ÔÂ‰ÂÎ‡ı Í‡ÚÓÌ‡
ëÎÂÈ‚, Ú‡ ÊÂ Ò‡Ï‡fl ‡ÒÒÓˆË‡ˆËfl ‚ ÒÓ˜ÂÚ‡ÌËË Ò Ô‡-
‡„ÌÂÈÒ‡ÏË ã‡·‡‰Ó‡, ííÉ-„ÌÂÈÒ˚ ÄÏËÚÒÓÍ Ë
‚ÛÎÍ‡ÌÓ„ÂÌÌÓ-ÓÒ‡‰Ó˜Ì‡fl ÚÓÎ˘‡ àÒÛ‡ û„Ó-á‡Ô‡‰-
ÌÓÈ ÉÂÌÎ‡Ì‰ËË, ˝Ì‰Â·ËÚ-˜‡ÌÓÍËÚÓ‚˚È çÂÈ-
ÔËÒÍËÈ ÍÓÏÔÎÂÍÒ ÄÌÚ‡ÍÚË‰˚, ‚ ÍÓÚÓÓÏ ÍÓÏÂ
Ì‡Á‚‡ÌÌÓÈ ‡ÒÒÓˆË‡ˆËË ÔÓÓ‰ ÔËÒÛÚÒÚ‚Û˛Ú ‚˚ÒÓ-
ÍÓ„ÎËÌÓÁÂÏËÒÚ˚Â „ÌÂÈÒ˚, ‚ÂÓflÚÌÓ, ÓÒ‡‰Ó˜ÌÓ„Ó
ÔÓËÒıÓÊ‰ÂÌËfl. äÓÏÂ ˝ÚËı Ì‡Ë·ÓÎÂÂ ËÁ‚ÂÒÚÌ˚ı
Ô‡ÎÂÓ‡ıÂÈÒÍËı ÍÓÏÔÎÂÍÒÓ‚, ËÏÂ˛ÚÒfl ‡ÈÓÌ˚,
„‰Â Ú‡Í ËÎË ËÌ‡˜Â ÛÒÚ‡ÌÓ‚ÎÂÌÓ ÔËÒÛÚÒÚ‚ËÂ ‰Â‚-
ÌÂÈ¯ÂÈ ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ ÍÓ˚, ÌÓ Â‡Î¸Ì˚Â,
ÔÂ‰ÒÚ‡‚Îfl˛˘ËÂ ÂÂ ÍÓÏÔÎÂÍÒ˚ ÔÓÓ‰ „ÂÓÎÓ„Ë˜Â-
ÒÍË Ë ÔÂÚÓÎÓ„Ë˜ÂÒÍË Óı‡‡ÍÚÂËÁÓ‚‡Ì˚ ÒıÂÏ‡-
ÚË˜ÂÒÍË. ç‡ ÚÂËÚÓËË êÓÒÒËË ÔÓÓ‰˚ Ò ‚ÓÁ‡Ò-
ÚÓÏ ‰Â‚ÌÂÂ 3.6 ÏÎ‰. ÎÂÚ ‰Ó ÒËı ÔÓ ·˚ÎË ËÁ‚ÂÒÚ-
Ì˚ ÚÓÎ¸ÍÓ ‚ ÔÂ‰ÂÎ‡ı ÄÛÎ‡Ì‰ÊËÌÒÍÓ„Ó ·ÎÓÍ‡
éÏÓÎÓÌÒÍÓ„Ó Ï‡ÒÒË‚‡ (ÅË·ËÍÓ‚‡, 1989). 

Ö˘Â Ó‰Ì‡ ÔÓ·ÎÂÏ‡, Ò‚flÁ‡ÌÌ‡fl Ò ‡ÌÌÂÈ „ÂÓÎÓ-
„Ë˜ÂÒÍÓÈ ËÒÚÓËÂÈ áÂÏÎË, Á‡ÍÎ˛˜‡ÂÚÒfl ‚Ó ‚Â-
ÏÂÌÌ˚ı ÒÓÓÚÌÓ¯ÂÌËflı ÏÂÊ‰Û ÙÓÏËÓ‚‡ÌËÂÏ ËÁ-
‚ÂÊÂÌÌÓ„Ó ËÎË ÓÒ‡‰Ó˜ÌÓ„Ó ÔÓÚÓÎËÚ‡ Ë ÏÂÚ‡-

ÏÓÙËÁÏÓÏ „‡ÌÛÎËÚÓ‚ÓÈ Ù‡ˆËË. ìÊÂ ÍÓÓÚÍÓÂ
ÔÂÂ˜ËÒÎÂÌËÂ ‰Â‚ÌÂÈ¯Ëı Ó·‡ÁÓ‚‡ÌËÈ ÔÓÍ‡Á˚-
‚‡ÂÚ, ˜ÚÓ ÚÓÎ¸ÍÓ ˜‡ÒÚ¸ ËÁ ÌËı ËÒÔ˚Ú‡Î‡ Ì‡Ë·ÓÎÂÂ
‚˚ÒÓÍÓ„‡‰Ì˚È ÏÂÚ‡ÏÓÙËÁÏ. óÚÓ Í‡Ò‡ÂÚÒfl ‚Â-
ÏÂÌË Â„Ó ÔÓfl‚ÎÂÌËfl, ÚÓ ‡„ÛÏÂÌÚËÓ‚‡ÌÌ˚Ï fl‚-
ÎflÂÚÒfl Á‡ÍÎ˛˜ÂÌËÂ Ë Ó Â„Ó ÌÂÓ‡ıÂÈÒÍÓÏ ‚ÓÁ-
‡ÒÚÂ.

ÇÔÂ‚˚Â ‚ÌËÏ‡ÌËÂ Ì‡ ÔÓÓ‰˚ äÛıÚÛÈÒÍÓ„Ó
‚˚ÒÚÛÔ‡ éıÓÚÒÍÓ„Ó Ï‡ÒÒË‚‡ ·˚ÎÓ Ó·‡˘ÂÌÓ ÔÓ-
ÒÎÂ ÚÓ„Ó, Í‡Í Pb-Pb ÏÂÚÓ‰ÓÏ ÔÓ ‚‡ÎÓ‚˚Ï ÔÓ·‡Ï
ÏÂÚ‡ÏÓÙË˜ÂÒÍËı ÔÓÓ‰ ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ËÁÓ-
ıÓÌÌ˚Â ‚ÓÁ‡ÒÚ˚, ‚‡¸ËÛ˛˘ËÂ ‚ ÁÌ‡˜ËÚÂÎ¸Ì˚ı
ÔÂ‰ÂÎ‡ı – ÓÚ 1100 

 

± 

 

500 ‰Ó 4100 

 

± 

 

400 ÏÎÌ. ÎÂÚ.
ùÚÓ ‰‡ÎÓ ÓÒÌÓ‚‡ÌËÂ ‰Îfl ÓÚÌÂÒÂÌËfl éıÓÚÒÍÓ„Ó
Ï‡ÒÒË‚‡ Í ‡ÌÌÂ‡ıÂÈÒÍËÏ ÒÚÛÍÚÛ‡Ï (äÓÓÎ¸-
ÍÓ‚ Ë ‰., 1974). é‰Ì‡ÍÓ ‰‡ÌÌ˚Â K-Ar Ë Rb-Sr ÏÂ-
ÚÓ‰Ó‚ ÔÓ ÔÓÓ‰ÓÓ·‡ÁÛ˛˘ËÏ ÏËÌÂ‡Î‡Ï Ë ÔÓÓ-
‰‡Ï ‚ ˆÂÎÓÏ ÌÂ ÔÓ‰Ú‚Â‰ËÎË ÒÚÓÎ¸ ‰Â‚ÌËÈ ‚ÓÁ-
‡ÒÚ. ç‡Ë·ÓÎÂÂ ‰Â‚Ìflfl K-Ar ‰‡ÚËÓ‚Í‡ ÔÓ
·ËÓÚËÚ-‡ÏÙË·ÓÎÓ‚ÓÏÛ „ÌÂÈÒÛ ÔÓÍ‡Á‡Î‡ 2640 ÏÎÌ.
ÎÂÚ (ÉËÌ·Â„, 1968), ‡ Rb-Sr ÓÔÂ‰ÂÎÂÌËfl ÔÓ
11 ÔÓ·‡Ï „ÌÂÈÒÓ‚, ˜‡ÌÓÍËÚÓ‚ Ë ˝Ì‰Â·ËÚÓ‚ ‡Ò-
ÔÓÎÓÊËÎËÒ¸ ‚‰ÓÎ¸ ÎËÌËË Â„ÂÒÒËË, ÓÚ‚Â˜‡˛˘ÂÈ
‚ÓÁ‡ÒÚÛ 2115 

 

± 

 

30 ÏÎÌ. ÎÂÚ (Ñ‡‚˚‰Ó‚ Ë ‰., 1988).
èÓ ÏÌÂÌË˛ ÏÌÓ„Ëı ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ, ‰‡ÚËÓ‚ÍË,
ÔÓÎÛ˜ÂÌÌ˚Â K-Ar ÏÂÚÓ‰ÓÏ Ë Pb-Pb Ë Rb-Sr ËÁÓ-
ıÓÌÌ˚ÏË ÏÂÚÓ‰‡ÏË ÔÓ ‚‡ÎÓ‚˚Ï ÔÓ·‡Ï, ÌÂ ÏÓ-
„ÛÚ Ò˜ËÚ‡Ú¸Òfl ‰ÓÒÚÓ‚ÂÌ˚ÏË, Ú‡Í Í‡Í ÔË „‡ÌÛ-
ÎËÚÓ‚ÓÏ ÏÂÚ‡ÏÓÙËÁÏÂ ÔÓËÒıÓ‰ËÚ Ì‡Û¯ÂÌËÂ
ÌÂ ÚÓÎ¸ÍÓ K-Ar Ë Rb-Sr, ÌÓ Ë U-Pb Ë Sm-Nd ËÁÓÚÓÔ-
Ì˚ı ÒËÒÚÂÏ, ˜ÚÓ ÔË‚Ó‰ËÚ Í ÔÓfl‚ÎÂÌË˛ ÎÓÊÌ˚ı
ËÁÓıÓÌ (Jacobsen, Wasserburg, 1978). èÂ‰ÔËÌfl-
Ú˚Â Ì‡ÏË ÔÂ‰‚‡ËÚÂÎ¸Ì˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl ˆËÍÓ-
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Ç ÂÁÛÎ¸Ú‡ÚÂ U-Pb ‰‡ÚËÓ‚‡ÌËfl (SHRIMP-II) ÔÓ Ë‰ËÓÏÓÙÌ˚Ï fl‰‡Ï ˆËÍÓÌ‡ ËÁ „ËÔÂÒÚÂÌ-ÔÎ‡„ËÓ-
ÍÎ‡ÁÓ‚˚ı „‡ÌÛÎËÚÓ‚ äÛıÚÛÈÒÍÓ„Ó ‚˚ÒÚÛÔ‡ éıÓÚÒÍÓ„Ó Ï‡ÒÒË‚‡ ÛÒÚ‡ÌÓ‚ÎÂÌ ‡ıÂÈÒÍËÈ ‚ÓÁ‡ÒÚ
(3.7 ÏÎ‰. ÎÂÚ) Ëı Ï‡„Ï‡ÚË˜ÂÒÍÓ„Ó ÔÓÚÓÎËÚ‡ ÒÂ‰ÌÂ„Ó ÒÓÒÚ‡‚‡. è‡‚ÓÏÂÌÓÒÚ¸ ÓÚÌÂÒÂÌËfl „‡ÌÛÎËÚÓ‚
Í ‰Â‚ÌÂÈ¯ËÏ Ï‡„Ï‡ÚË˜ÂÒÍËÏ Ó·‡ÁÓ‚‡ÌËflÏ ÔÓ‰Ú‚ÂÊ‰ÂÌ‡ ‰‡ÌÌ˚ÏË Sm-Nd ‡Ì‡ÎËÁ‡. Ç˚fl‚ÎÂÌ˚ ÔÓ-
ÒÎÂ‰Û˛˘ËÂ ÚÂÍÚÓÌÓÚÂÏ‡Î¸Ì˚Â ÒÓ·˚ÚËfl, ÔÓËÒıÓ‰Ë‚¯ËÂ 3.3–3.2, 2.8–2.7 Ë 1.9–1.8 ÏÎ‰. ÎÂÚ Ì‡Á‡‰.

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡

 

: „ÂÓıÓÌÓÎÓ„Ëfl, SHRIMP, Ô‡ÎÂÓ‡ıÂÈ, „‡ÌÛÎËÚ˚, „ÌÂÈÒ˚, „‡ÌËÚ˚, éıÓÚÒÍËÈ Ï‡Ò-
ÒË‚.
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äÛÁ¸ÏËÌ 

 

Ë ‰

 

.

 

ÌÓ‚ ÚÂÏÓËÓÌÌ˚Ï Pb-Pb ÏÂÚÓ‰ÓÏ ÛÒÚ‡ÌÓ‚ËÎË Ì‡-
ÎË˜ËÂ ‚ „ËÔÂÒÚÂÌ-ÔÎ‡„ËÓÍÎ‡ÁÓ‚˚ı „‡ÌÛÎËÚ‡ı
ˆËÍÓÌÓ‚ Ò ‚ÓÁ‡ÒÚÓÏ ‰Â‚ÌÂÂ 3.35 

 

± 

 

0.05 ÏÎ‰.
ÎÂÚ Ë ÔÓ‰Ú‚Â‰ËÎË ÏÌÂÌËÂ Ó ‚ÓÁÏÓÊÌÓÏ ÔËÒÛÚ-
ÒÚ‚ËË Ô‡ÎÂÓ‡ıÂÈÒÍËı ÔÓÓ‰ ‚ ˝ÚÓÏ ‡ÈÓÌÂ (äÛÁ¸-
ÏËÌ Ë ‰., 1995). ÑÂÚ‡Î¸Ì˚Â ‡·ÓÚ˚ (Black et al.,
1983, 1986; Hanchar, Hoskin, 2003 Ë ‰.), ‚˚ÔÓÎÌÂÌ-
Ì˚Â ÔË ËÒÒÎÂ‰Ó‚‡ÌËË ÔÓÎËÏÂÚ‡ÏÓÙË˜ÂÒÍËı ÔÓ-
Ó‰, ÔÓÍ‡Á‡ÎË, ̃ ÚÓ Ì‡Ë·ÓÎÂÂ ÔË„Ó‰Ì˚Ï ‰Îfl ÓÔÂ-
‰ÂÎÂÌËfl Ëı ‚ÓÁ‡ÒÚ‡ fl‚ÎflÂÚÒfl U-Pb ÏÂÚÓ‰ ‰‡ÚËÓ-
‚‡ÌËfl ˆËÍÓÌÓ‚ Ì‡ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ ‚˚ÒÓÍÓ„Ó
‡ÁÂ¯ÂÌËfl SHRIMP, Ú‡Í Í‡Í Á‡ÔËÒ¸ ·ÓÎ¸¯ÂÈ ˜‡-
ÒÚË ÚÂÏ‡Î¸ÌÓÈ ËÒÚÓËË ÔÓÎËıÓÌÌ˚ı Ó·‡ÁÓ‚‡-
ÌËÈ ÒÓı‡ÌflÂÚÒfl ‚ ÔÂ‰ÂÎ‡ı „ÂÌÂ‡ˆËË ˆËÍÓÌ‡,
Í‡Í Ô‡‚ËÎÓ, ËÁ Î˛·Ó„Ó Ó·‡Áˆ‡ ÔÓÓ‰˚. ãÓÍ‡Î¸-
ÌÓÒÚ¸ ‡Ì‡ÎËÁ‡ ÔÓÁ‚ÓÎflÂÚ ÌÂ ÚÓÎ¸ÍÓ ‚˚·Ë‡Ú¸
‚ÌÛÚË ÁÂÌ‡ ˆËÍÓÌ‡ ÌÂËÁÏÂÌÂÌÌ˚Â Û˜‡ÒÚÍË Ë
ÔÓÎÛ˜‡Ú¸ ‰Îfl ÌËı ÍÓÌÍÓ‰‡ÌÚÌ˚Â ÁÌ‡˜ÂÌËfl ‚ÓÁ-
‡ÒÚ‡, ÌÓ Ë ‰‡ÚËÓ‚‡Ú¸ ÔÓ Ó‰ÌÓÏÛ ÏÌÓ„ÓÙ‡ÁÌÓÏÛ
ÁÂÌÛ ÒÎÓÊÌÛ˛ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ „ÂÓÎÓ„Ë˜Â-
ÒÍËı ÒÓ·˚ÚËÈ. èÓ˝ÚÓÏÛ ‰Îfl ‡Ò¯ËÙÓ‚ÍË ÒÚ‡-
ÌÓ‚ÎÂÌËfl Ë ˝‚ÓÎ˛ˆËË äÛıÚÛÈÒÍÓ„Ó ‚˚ÒÚÛÔ‡
éıÓÚÒÍÓ„Ó Ï‡ÒÒË‚‡ Ì‡ÏË ·˚ÎÓ ÔÂ‰ÔËÌflÚÓ U-Pb
ËÁÓÚÓÔÌÓÂ ‰‡ÚËÓ‚‡ÌËÂ ̂ ËÍÓÌÓ‚ ËÁ ÚËÔÓ‚˚ı ÏÂ-
Ú‡ÏÓÙË˜ÂÒÍËı ÔÓÓ‰ Ì‡ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ
SHRIMP-II Ò ÔË‚ÎÂ˜ÂÌËÂÏ ‰Û„Ëı ÒÓ‚ÂÏÂÌÌ˚ı
ÔÂˆËÁËÓÌÌ˚ı ÏÂÚÓ‰Ó‚ ËÁÓÚÓÔÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ.
èÂ‚˚Â ÂÁÛÎ¸Ú‡Ú˚ ÔÓÍ‡Á‡ÎË, ˜ÚÓ ÒÂ‰ÌËÂ Ë ÓÒ-
ÌÓ‚Ì˚Â „‡ÌÛÎËÚ˚ ‰ÂÈÒÚ‚ËÚÂÎ¸ÌÓ ÒÓ‰ÂÊ‡Ú Â-
ÎËÍÚÓ‚˚Â ˆËÍÓÌ˚ Ï‡„Ï‡ÚË˜ÂÒÍÓ„Ó ÔÓÚÓÎËÚ‡ Ò
‚ÓÁ‡ÒÚÓÏ, ÔÂ‚˚¯‡˛˘ËÏ 3.6 ÏÎ‰. ÎÂÚ (äÛÁ¸-
ÏËÌ Ë ‰., 2005‡, 2005·), ˜ÚÓ Ë ÔÓ·Û‰ËÎÓ ‡‚ÚÓÓ‚
Ì‡ÒÚÓfl˘ÂÈ ÒÚ‡Ú¸Ë Ó·‡ÚËÚ¸Òfl Í ‰ÂÚ‡Î¸ÌÓÏÛ ‡Ì‡-
ÎËÁÛ ÌÓ‚Ó„Ó Ù‡ÍÚË˜ÂÒÍÓ„Ó Ï‡ÚÂË‡Î‡ ÔÓ ‰‡ÚËÓ-
‚‡ÌË˛ Ë ËÁÓÚÓÔÌÓÈ „ÂÓıËÏËË ‰Â‚ÌÂÈ¯Ëı ÔÓÓ‰ Ò
ˆÂÎ¸˛ ÓˆÂÌËÚ¸ Ëı ‚ÓÁ‡ÒÚ, ÔÓÒÎÂ‰ËÚ¸ ˝‚ÓÎ˛ˆË˛
Ì‡ÎÓÊÂÌÌ˚ı Ì‡ ÌËı ÔÓˆÂÒÒÓ‚ Ë ‚˚fl‚ËÚ¸ „Î‡‚Ì˚Â
˝Ú‡Ô˚ ÙÓÏËÓ‚‡ÌËfl Ô‡ÎÂÓ‡ıÂÈÒÍÓÈ ÍÓ˚
éıÓÚÒÍÓ„Ó Ï‡ÒÒË‚‡.
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éıÓÚÒÍËÈ Ï‡ÒÒË‚ fl‚ÎflÂÚÒfl ‚‡ÊÌÂÈ¯ËÏ ÒÚÛÍ-
ÚÛÌ˚Ï ̋ ÎÂÏÂÌÚÓÏ ‡ÁË‡ÚÒÍÓ„Ó ÒÂ„ÏÂÌÚ‡ íËıÓÓÍÂ-
‡ÌÒÍÓ„Ó ÔÓ‰‚ËÊÌÓ„Ó ÔÓflÒ‡. Ç ÒÚÓÂÌËË Ï‡ÒÒË‚‡
Û˜‡ÒÚ‚Û˛Ú ‡ÁÓ·˘ÂÌÌ˚Â ‚˚ıÓ‰˚ ‡ÌÌÂ‰ÓÍÂÏ-
·ËÈÒÍËı ÔÓÓ‰, ÔÂÂÍ˚Ú˚Â Ò fl‚Ì˚Ï Û„ÎÓ‚˚Ï
ÌÂÒÓ„Î‡ÒËÂÏ Ù‡„ÏÂÌÚ‡ÏË ÒÎ‡·Ó‰ËÒÎÓˆËÓ‚‡ÌÌÓ-
„Ó ÌÂÏÂÚ‡ÏÓÙËÁÓ‚‡ÌÌÓ„Ó ÚÂË„ÂÌÌÓ-ÓÒ‡‰Ó˜ÌÓ-
„Ó ÔÎ‡ÚÙÓÏÂÌÌÓ„Ó ˜ÂıÎ‡ ËÙÂÈÒÍÓ-Ô‡ÎÂÓÁÓÈ-
ÒÍÓ„Ó ‚ÓÁ‡ÒÚ‡. éÌË Ó·‡ÁÛ˛Ú fl‰ ÔÓ‰ÌflÚËÈ, ÍÓ-
ÚÓ˚Â ‚˚ÒÚÛÔ‡˛Ú ËÁ-ÔÓ‰ ÔÓÎÓ„Ó Á‡ÎÂ„‡˛˘Ëı
ÏÂÁÓÁÓÈÒÍËı ‚ÛÎÍ‡ÌËÚÓ‚ éıÓÚÒÍÓ-óÛÍÓÚÒÍÓ„Ó
‚ÛÎÍ‡ÌÓ„ÂÌÌÓ„Ó ÔÓflÒ‡: äÛıÚÛÈÒÍÓÂ ‚ ·‡ÒÒÂÈÌÂ ÂÍ
äÛıÚÛÈ Ë éıÓÚ‡, ûÓ‚ÒÍÓÂ Ì‡ . ì‡Í Ë ÇÂıÌÂ-
Ï‡ÈÒÍÓÂ ‚ ‚ÂıÓ‚¸flı . å‡fl.

äÛıÚÛÈÒÍËÈ ‚˚ÒÚÛÔ fl‚ÎflÂÚÒfl Ì‡Ë·ÓÎÂÂ ËÁÛ˜ÂÌ-
ÌÓÈ ÒÚÛÍÚÛÓÈ éıÓÚÒÍÓ„Ó Ï‡ÒÒË‚‡ Ë ÔÂ‰ÒÚ‡‚Îfl-

ÂÚ ÒÓ·ÓÈ ÍÛÔÌ˚È (45

 

 × 

 

120 ÍÏ) ÚÂÍÚÓÌË˜ÂÒÍËÈ
·ÎÓÍ ÏÂË‰ËÓÌ‡Î¸ÌÓ„Ó ÔÓÒÚË‡ÌËfl, ÒÎÓÊÂÌÌ˚È
‡ÁÌÓÓ·‡ÁÌ˚ÏË ÔÓÓ‰‡ÏË „‡ÌÛÎËÚÓ‚ÓÈ Ë ‡ÏÙË-
·ÓÎËÚÓ‚ÓÈ Ù‡ˆËÈ (ÓıÓÚÒÍ‡fl ÒÂËfl). í‡‰ËˆËÓÌ-
Ì˚Â ÔÂ‰ÒÚ‡‚ÎÂÌËfl Ó „ÂÓÎÓ„Ë˜ÂÒÍÓÏ ÒÚÓÂÌËË
ÓıÓÚÒÍÓÈ ÒÂËË ÓÒÌÓ‚‡Ì˚ Ì‡ ‚˚‰ÂÎÂÌËË fl‰‡ ÔÂ-
‚Ë˜ÌÓ ‚ÛÎÍ‡ÌÓ„ÂÌÌÓ-ÓÒ‡‰Ó˜Ì˚ı ÒÚ‡ÚË„‡ÙË˜Â-
ÒÍËı ÔÓ‰‡Á‰ÂÎÂÌËÈ, ÙÓÏËÛ˛˘Ëı ÍÛÔÌ˚È ‡Ì-
ÚËÍÎËÌÓËÈ ÏÂË‰ËÓÌ‡Î¸ÌÓ„Ó ÔÓÒÚË‡ÌËfl Ë ÔÂ-
ÚÂÔÂ‚¯Ëı Ó‰ËÌ ËÎË ‰‚‡ ˝Ú‡Ô‡ ÏÂÚ‡ÏÓÙËÁÏ‡ ‚
ÛÒÎÓ‚Ëflı „‡ÌÛÎËÚÓ‚ÓÈ Ë ‡ÏÙË·ÓÎËÚÓ‚ÓÈ Ù‡ˆËË
(ÉËÌ·Â„, 1968; ÇÂÎ¸‰flÍÒÓ‚, èÂÒÍÓ‚, 1973; äÓ-
ÓÎ¸ÍÓ‚, 1974; Ä‚˜ÂÌÍÓ, 1977). 

èÓÎÛ˜ÂÌÌ˚Â Ì‡ÏË ÌÓ‚˚Â ‰‡ÌÌ˚Â Ó ‚Â˘ÂÒÚ‚ÂÌ-
ÌÓÏ ÒÓÒÚ‡‚Â, ‚ÌÛÚÂÌÌÂÏ ÒÚÓÂÌËË Ë ‚ÂÏÂÌË Ó·-
‡ÁÓ‚‡ÌËfl ÏÂÚ‡ÏÓÙË˜ÂÒÍËı ÚÓÎ˘ äÛıÚÛÈÒÍÓ„Ó
‚˚ÒÚÛÔ‡ (äÛÁ¸ÏËÌ Ë ‰., 2006) ÔÓÁ‚ÓÎfl˛Ú ‚˚‰Â-
ÎËÚ¸ ‚ Â„Ó ÔÂ‰ÂÎ‡ı ·ÎÓÍË, ‡Á‰ÂÎÂÌÌ˚Â ‡ÁÎÓÏ‡-
ÏË ÏÂË‰ËÓÌ‡Î¸ÌÓ„Ó ÔÓÒÚË‡ÌËfl. Ç ˝ÚËı ·ÎÓÍ‡ı
Ì‡·Î˛‰‡ÂÚÒfl ÂÁÍÓÂ ÔÂÓ·Î‡‰‡ÌËÂ ÍËÒÎ˚ı „ÌÂÈ-
ÒÓ‚ Ë ÏË„Ï‡ÚËÚÓ‚ Ì‡‰ ‡ÏÙË·ÓÎËÚ‡ÏË ÔË fl‚ÌÓÏ
‰ÓÏËÌËÓ‚‡ÌËË ÔÓÓ‰ ‚˚ÒÓÍÓÚÂÏÔÂ‡ÚÛÌÓÈ ‡Ï-
ÙË·ÓÎËÚÓ‚ÓÈ Ù‡ˆËË. àÁÂ‰Í‡ ‚ÒÚÂ˜‡˛ÚÒfl ‚ ‚Ë‰Â
ÔÎ‡ÒÚÓ‚ Ë ÎËÌÁ ÓÒÌÓ‚Ì˚Â Ë ÒÂ‰ÌËÂ „‡ÌÛÎËÚ˚,
Í‡Î¸ˆËÙË˚, Í‚‡ˆËÚ˚, ‡ Ú‡ÍÊÂ ÚÂÎ‡ ˝Ì‰Â·ËÚÓ‚
Ë ˜‡ÌÓÍËÚÓ‚. ÑÓ‚ÓÎ¸ÌÓ ˜‡ÒÚÓ Ì‡·Î˛‰‡˛ÚÒfl ÔÎ‡-
ÒÚ˚, ÎËÌÁ˚ Ë Ï‡ÎÓÏÓ˘Ì˚Â ÊËÎ˚ ÔÎ‡„ËÓ„‡ÌË-
ÚÓ‚, „‡ÌËÚÓ‚, „‡ÌÓÒËÂÌËÚÓ‚ Ë ÏËÍÓÍÎËÌÓ‚˚ı
ÔÂ„Ï‡ÚËÚÓË‰Ó‚. åÂÚ‡ÏÓÙË˜ÂÒÍËÂ ÔÓÓ‰˚ ·˚ÎË
ÒÙÓÏËÓ‚‡Ì˚ ‚ ıÓ‰Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ„Ó Ì‡ÎÓ-
ÊÂÌËfl fl‰‡ ‰ÂÙÓÏ‡ˆËÈ, ÔË‚Â‰¯Ëı Í ‚ÓÁÌËÍÌÓ-
‚ÂÌË˛ ÒÎÓÊÌ˚ı ÍÓÏÔÓÁËˆËÈ ÒÍÎ‡‰˜‡Ú˚ı ÙÓÏ
‡ÁÌ˚ı „ÂÌÂ‡ˆËÈ, Ó·˙Â‰ËÌfl˛˘ËıÒfl ‚ ÒËÒÚÂÏ˚
ÒÍÎ‡‰ÓÍ.

àÌÓÂ ÒÚÓÂÌËÂ Ì‡·Î˛‰‡ÂÚÒfl ‚ ˆÂÌÚ‡Î¸ÌÓÈ ˜‡-
ÒÚË äÛıÚÛÈÒÍÓ„Ó ‚˚ÒÚÛÔ‡ ‚ ÏÂÊ‰ÛÂ˜¸Â å‡ÈÏ‡-
˜‡Ì Ë äÛıÚÛÈ, „‰Â ‚˚‰ÂÎflÂÚÒfl å‡ÈÏ‡˜‡ÌÒÍËÈ ·ÎÓÍ
(7

 

 × 

 

62 ÍÏ). Ç ÔÂ‰ÂÎ‡ı ˝ÚÓ„Ó ·ÎÓÍ‡ (ËÒ. 1) ÛÒÚ‡-
ÌÓ‚ÎÂÌÓ ‚˚‰ÂÊ‡ÌÌÓÂ ÏÂË‰ËÓÌ‡Î¸ÌÓÂ ÔÓÒÚË-
‡ÌËÂ ÔÓÓ‰ Ò Ô‡‰ÂÌËÂÏ Ì‡ Á‡Ô‡‰ ÔÓ‰ Û„Î‡ÏË 30°–
45°, ·ÓÎÂÂ ¯ËÓÍÓÂ ‡ÒÔÓÒÚ‡ÌÂÌËÂ ÔÓÓ‰ „‡-
ÌÛÎËÚÓ‚ÓÈ Ù‡ˆËË ÏÂÚ‡ÏÓÙËÁÏ‡, ÔÂÓ·Î‡‰‡ÌËÂ ‚
ÓÚ‰ÂÎ¸Ì˚ı ‡ÁÂÁ‡ı ÓÒÌÓ‚Ì˚ı ÔÓÓ‰ Ì‡‰ ÍËÒÎ˚-
ÏË, ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓÂ ‡Á‚ËÚËÂ ÔÓÓ‰ ÔÎ‡„ËÓfl-
‰‡; ÒÔÓ‡‰Ë˜ÂÒÍË ‚ÒÚÂ˜‡˛ÚÒfl ÔÎ‡ÒÚÓ‚˚Â ÚÂÎ‡ Ë
ÎËÌÁ˚ Í‚‡ˆËÚÓ‚, ˝ÍÎÓ„ËÚÓÔÓ‰Ó·Ì˚ı ÔÓÓ‰,
Í‡Î¸ˆËÙËÓ‚, „ÓÌ‰ËÚÓ‚, ˝‚ÎËÁËÚÓ‚, ÏÂÚ‡ÔÂË‰Ó-
ÚËÚÓ‚. 

ÑÎfl ÓˆÂÌÍË ‚ÂÏÂÌË ÙÓÏËÓ‚‡ÌËfl ‡ıÂÈÒÍÓÈ
ÍÓ˚, ‚ÓÁ‡ÒÚ‡ Ï‡„Ï‡ÚËÁÏ‡ Ë ÏÂÚ‡ÏÓÙËÁÏ‡ ‚
äÛıÚÛÈÒÍÓÏ ‚˚ÒÚÛÔÂ ·˚ÎÓ ÔÓ‚Â‰ÂÌÓ ËÁÛ˜ÂÌËÂ
ÚËÔË˜Ì˚ı ÔÓÓ‰ ÓıÓÚÒÍÓÈ ÒÂËË („‡ÌÛÎËÚ – ÔÓ-
·‡ 294Í, ‡ÏÙË·ÓÎËÚ – ÔÓ·˚ 133‚, 294Ô, „ÌÂÈÒÓ-
‚Ë‰Ì˚È „‡ÌËÚ – ÔÓ·‡ 8‡, „ÌÂÈÒ – ÔÓ·˚ 10‡, 10·,
ÔÎ‡„ËÓ„ÌÂÈÒ – ÔÓ·‡ 565Ê, ˝ÍÎÓ„ËÚÓÔÓ‰Ó·Ì‡fl ÔÓ-
Ó‰‡ – ÔÓ·‡ 479Ê) Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÒÓ‚ÂÏÂÌ-
Ì˚ı ÔÂˆËÁËÓÌÌ˚ı ÏÂÚÓ‰Ó‚ ËÒÒÎÂ‰Ó‚‡ÌËÈ, ‚ ÚÓÏ
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˜ËÒÎÂ U-Pb ËÁÓÚÓÔÌÓ„Ó ‡Ì‡ÎËÁ‡ ˆËÍÓÌ‡ Ë Sm-Nd
ËÁÓÚÓÔÌÓ„Ó ‡Ì‡ÎËÁ‡ ‚‡ÎÓ‚˚ı ÔÓ·.

 

ÄçÄãàíàóÖëäÄü åÖíéÑàäÄ

 

U-Pb ËÁÓÚÓÔÌÓÂ ‰‡ÚËÓ‚‡ÌËÂ ˆËÍÓÌÓ‚ ÓÒÛ-
˘ÂÒÚ‚ÎflÎË Ì‡ ËÓÌÌÓÏ ÏËÍÓÁÓÌ‰Â SHRIMP-II ‚
ñÂÌÚÂ ËÁÓÚÓÔÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÇëÖÉÖà. éÚÓ-
·‡ÌÌ˚Â ‚Û˜ÌÛ˛ ÁÂÌ‡ ˆËÍÓÌ‡ ·˚ÎË ËÏÔÎ‡ÌÚË-
Ó‚‡Ì˚ ‚ ˝ÔÓÍÒË‰ÌÛ˛ ÒÏÓÎÛ ‚ÏÂÒÚÂ Ò ÁÂÌ‡ÏË
ˆËÍÓÌÓ‚˚ı ÒÚ‡Ì‰‡ÚÓ‚ TEMORA Ë 91500, ‡ Á‡-
ÚÂÏ ÒÓ¯ÎËÙÓ‚‡Ì˚ Ë ÔËÔÓÎËÓ‚‡Ì˚ ÔË·ÎËÁË-
ÚÂÎ¸ÌÓ Ì‡ ÔÓÎÓ‚ËÌÛ Ò‚ÓÂÈ ÚÓÎ˘ËÌ˚. ÑÎfl ‚˚·Ó‡
Û˜‡ÒÚÍÓ‚ (ÚÓ˜ÂÍ) ‰‡ÚËÓ‚‡ÌËfl Ì‡ ÔÓ‚ÂıÌÓÒÚË ÁÂ-
ÂÌ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÓÔÚË˜ÂÒÍËÂ (‚ ÔÓıÓ‰fl˘ÂÏ Ë
ÓÚ‡ÊÂÌÌÓÏ Ò‚ÂÚÂ) Ë Í‡ÚÓ‰Ó-Î˛ÏËÌÂÒˆÂÌÚÌ˚Â
ËÁÓ·‡ÊÂÌËfl, ÓÚ‡Ê‡˛˘ËÂ ‚ÌÛÚÂÌÌ˛˛ ÒÚÛÍÚÛ-

Û Ë ÁÓÌ‡Î¸ÌÓÒÚ¸ ˆËÍÓÌÓ‚. àÁÏÂÂÌËfl U-Pb ÓÚ-
ÌÓ¯ÂÌËÈ Ì‡ SHRIMP-II ÔÓ‚Ó‰ËÎË ÔÓ ÏÂÚÓ‰ËÍÂ,
ÓÔËÒ‡ÌÌÓÈ ‚ (Williams, 1998). àÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÂ-
‚Ë˜ÌÓ„Ó ÔÛ˜Í‡ ÏÓÎÂÍÛÎflÌ˚ı ÓÚËˆ‡ÚÂÎ¸ÌÓ Á‡fl-
ÊÂÌÌ˚ı ËÓÌÓ‚ ÍËÒÎÓÓ‰‡ ÒÓÒÚ‡‚ÎflÎ‡ 4 ÌÄ, ‰Ë‡-
ÏÂÚ ÔflÚÌ‡ (Í‡ÚÂ‡) – 25 ÏÍÏ. é·‡·ÓÚÍÛ ÔÓÎÛ-
˜ÂÌÌ˚ı ‰‡ÌÌ˚ı ÓÒÛ˘ÂÒÚ‚ÎflÎË Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ
ÔÓ„‡ÏÏ˚ SQUID (Ludwig, 2000). U-Pb ÓÚÌÓ¯Â-
ÌËfl ·˚ÎË ÌÓÏ‡ÎËÁÓ‚‡Ì˚ Ì‡ ÁÌ‡˜ÂÌËÂ 0.0668 ‰Îfl
ÒÚ‡Ì‰‡ÚÌÓ„Ó ˆËÍÓÌ‡ TEMORA Ò ‚ÓÁ‡ÒÚÓÏ
416.75 ÏÎÌ. ÎÂÚ (Black et al., 2003). èÓ„Â¯ÌÓÒÚË
Â‰ËÌË˜Ì˚ı ‡Ì‡ÎËÁÓ‚ (ÓÚÌÓ¯ÂÌËÈ Ë ‚ÓÁ‡ÒÚÓ‚) ÔË-
‚Â‰ÂÌ˚ Ì‡ ÛÓ‚ÌÂ 1

 

σ

 

, ÔÓ„Â¯ÌÓÒÚË ‚˚˜ËÒÎÂÌÌ˚ı
ÍÓÌÍÓ‰‡ÌÚÌ˚ı ‚ÓÁ‡ÒÚÓ‚ Ë ÓÔÂ‰ÂÎÂÌËÈ ÔÓ ÔÂÂ-
ÒÂ˜ÂÌË˛ Ò ÍÓÌÍÓ‰ËÂÈ ÔË‚Ó‰flÚÒfl Ì‡ ÛÓ‚ÌÂ 2

 

σ

 

.
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êËÒ. 1.

 

 ëıÂÏ‡ „ÂÓÎÓ„Ë˜ÂÒÍÓ„Ó ÒÚÓÂÌËfl å‡ÈÏ‡˜‡ÌÒÍÓ„Ó ·ÎÓÍ‡ (äÛıÚÛÈÒÍËÈ ‚˚ÒÚÛÔ, éıÓÚÒÍËÈ Ï‡ÒÒË‚). ç‡ ‚ÂÁÍ‡ı ÔÓ-
Í‡Á‡ÌÓ: (‡) – ÔÓÎÓÊÂÌËÂ å‡ÈÏ‡˜‡ÌÒÍÓ„Ó ·ÎÓÍ‡ ‚ ÔÂ‰ÂÎ‡ı äÛıÚÛÈÒÍÓ„Ó ‚˚ÒÚÛÔ‡, (·) – ÔÓÎÓÊÂÌËÂ äÛıÚÛÈÒÍÓ„Ó ‚˚ÒÚÛ-
Ô‡ Ì‡ ëÂ‚ÂÓ-ÇÓÒÚÓÍÂ êÓÒÒËË.
1 – ˜ÂÚ‚ÂÚË˜Ì˚Â ÓÚÎÓÊÂÌËfl; 2 – ‚ÛÎÍ‡ÌËÚ˚ Ô‡ÎÂÓ„ÂÌ‡; 3 – ‚ÛÎÍ‡ÌËÚ˚ ‚ÂıÌÂ„Ó ÏÂÎ‡; 4 – ÚÂË„ÂÌÌ˚Â ÓÚÎÓÊÂÌËfl ‰Â-
‚ÓÌ‡; 5 – Ô‡ÎÂÓ‡ıÂÈÒÍËÈ „ÌÂÈÒÓÏË„Ï‡ÚËÚÓ‚˚È ÏÂÚ‡ÏÓÙË˜ÂÒÍËÈ ÍÓÏÔÎÂÍÒ; 6 – ̋ Ó‡ıÂÈÒÍËÈ „ÌÂÈÒÓÍËÒÚ‡ÎÎÓÒÎ‡ÌˆÂ-
‚˚È ÏÂÚ‡ÏÓÙË˜ÂÒÍËÈ ÍÓÏÔÎÂÍÒ; 7 – „‡ÌËÚ˚ Ô‡ÎÂÓÁÓfl Ë ÏÂÁÓÁÓfl, 8 – ‡ÌÌÂ‰ÓÍÂÏ·ËÈÒÍËÂ ÛÎ¸Ú‡Ï‡ÙËÚ˚; 9, 10 – ÔÎ‡-
ÒÚÓ‚˚Â ÚÂÎ‡ Í‚‡ˆËÚÓ‚ (9) Ë Í‡Î¸ˆËÙËÓ‚ (10); 11 – „Î‡‚Ì˚Â ‡Á˚‚Ì˚Â Ì‡Û¯ÂÌËfl: ‡ – ÛÒÚ‡ÌÓ‚ÎÂÌÌ˚Â, · – ÔÓ„Â·ÂÌ-
Ì˚Â ÔÓ‰ ˜ÂÚ‚ÂÚË˜Ì˚ÏË ÓÚÎÓÊÂÌËflÏË; 12 – ˝ÎÂÏÂÌÚ˚ ÓËÂÌÚËÓ‚ÍË ÔÎÓÒÍÓÒÚÌ˚ı ÚÂÍÒÚÛ ÏÂÚ‡ÏÓÙË˜ÂÒÍËı ÔÓÓ‰:
‡ – Û„Î˚ Ô‡‰ÂÌËfl 0°–29°, · – 30°–59°, ‚ – 60°–90°; 13 – ÏÂÒÚÓ ÓÚ·Ó‡ „ÂÓıÓÌÓÎÓ„Ë˜ÂÒÍËı ÔÓ·.
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äÛÁ¸ÏËÌ 

 

Ë ‰

 

.

 

ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓ„‡ÏÏ˚ ISOPLOT/EX (Ludwig,
1999).

Sm-Nd ‡Ì‡ÎËÁ ÔÓÓ‰ ÔÓËÁ‚Ó‰ËÎË Ò ÔËÏÂÌÂ-
ÌËÂÏ ÏÂÚÓ‰‡ ËÁÓÚÓÔÌÓ„Ó ‡Á·‡‚ÎÂÌËfl. ÑÎfl ̋ ÚÓ„Ó ‚
ÔÂ‰‚‡ËÚÂÎ¸ÌÓ ‡ÒÚÂÚ˚Â Ì‡‚ÂÒÍË ÔÓ· ‰Ó·‡‚Îfl-
ÎË ‚Á‚Â¯ÂÌÌ˚Â ÍÓÎË˜ÂÒÚ‚‡ ‡ÒÚ‚Ó‡ ÒÏÂ¯‡ÌÌÓ„Ó
ËÌ‰ËÍ‡ÚÓ‡ 

 

149

 

Sm-

 

150

 

Nd, ‡ Á‡ÚÂÏ ÔÓ·˚ ‡ÁÎ‡„‡ÎË ‚
ÒÏÂÒË ‡ÁÓÚÌÓÈ Ë ÔÎ‡‚ËÍÓ‚ÓÈ ÍËÒÎÓÚ. Ç˚‰ÂÎÂÌËÂ
Ò‡Ï‡Ëfl Ë ÌÂÓ‰ËÏ‡ ‰Îfl ËÁÓÚÓÔÌÓ„Ó ‡Ì‡ÎËÁ‡ ÔÓ-
ËÁ‚Ó‰ËÎË ‚ ‰‚Â ÒÚÛÔÂÌË: (1) Í‡ÚËÓÌÓÓ·ÏÂÌÌ‡fl
ıÓÏ‡ÚÓ„‡ÙËfl Ì‡ ÒÏÓÎÂ AG50W-X8 ‰Îfl ÓÚ‰ÂÎÂ-
ÌËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚, (2) ˝ÍÒÚ‡ÍˆË-
ÓÌÌ‡fl ıÓÏ‡ÚÓ„‡ÙËfl Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÊË‰ÍÓ„Ó
Í‡ÚËÓÌÓÓ·ÏÂÌÌÓ„Ó ˝ÍÒÚ‡„ÂÌÚ‡ HDEHP Ì‡ ÚÂ-
ÙÎÓÌÓ‚ÓÏ ÌÓÒËÚÂÎÂ. àÁÓÚÓÔÌ˚È ÒÓÒÚ‡‚ Sm Ë Nd
‡Ì‡ÎËÁËÓ‚‡ÎË Ì‡ ‰Â‚flÚËÍÓÎÎÂÍÚÓÌÓÏ Ï‡ÒÒ-
ÒÔÂÍÚÓÏÂÚÂ TRITON ‚ ÒÚ‡ÚË˜ÂÒÍÓÏ ÂÊËÏÂ.
äÓÂÍˆË˛ Ì‡ ËÁÓÚÓÔÌÓÂ Ù‡ÍˆËÓÌËÓ‚‡ÌËÂ
ÌÂÓ‰ËÏ‡ ÔÓËÁ‚Ó‰ËÎË ÔÛÚÂÏ ÌÓÏ‡ÎËÁ‡ˆËË ËÁÏÂ-
ÂÌÌÓ„Ó ÓÚÌÓ¯ÂÌËfl 

 

143

 

Nd/

 

144

 

Nd Í ÓÚÌÓ¯ÂÌË˛

 

148

 

Nd/

 

144

 

Nd = 0.241578. çÓÏ‡ÎËÁÓ‚‡ÌÌÓÂ ÓÚÌÓ-
¯ÂÌËÂ ÔË‚Ó‰ËÎÓÒ¸ Í ÁÌ‡˜ÂÌË˛ 

 

143

 

Nd/

 

144

 

Nd =
= 0.511860 ‚ ÏÂÊ‰ÛÌ‡Ó‰ÌÓÏ Nd-ÒÚ‡Ì‰‡ÚÂ La Jolla.
èÓ„Â¯ÌÓÒÚ¸ ÓÔÂ‰ÂÎÂÌËfl ÒÓ‰ÂÊ‡ÌËÈ Sm Ë Nd
0.5%. ìÓ‚ÂÌ¸ ıÓÎÓÒÚÓ„Ó ÓÔ˚Ú‡ 30 Ô„ ‰Îfl Sm Ë
70 Ô„ ‰Îfl Nd. ÄÌ‡ÎËÁ Ô‡‡ÏÂÚÓ‚ ÏÂÊ‰ÛÌ‡Ó‰ÌÓ-
„Ó ÒÚ‡Ì‰‡ÚÌÓ„Ó Ó·‡Áˆ‡ BCR-1 ‰‡Î ÒÎÂ‰Û˛˘ËÂ
ÂÁÛÎ¸Ú‡Ú˚: ÒÓ‰ÂÊ‡ÌËÂ Sm = 6.45 ÏÍ„/„, ÒÓ‰Â-
Ê‡ÌËÂ Nd = 28.4 ÏÍ„/„, 

 

147

 

Sm/

 

144

 

Nd = 0.1383 

 

±

 

 3,

 

143

 

Nd/

 

144

 

Nd = 0.512654 

 

±

 

 8 (ÒÂ‰ÌËÂ ÁÌ‡˜ÂÌËfl ËÁ ‰Â-
ÒflÚË ÓÔÂ‰ÂÎÂÌËÈ). èË ‡Ò˜ÂÚ‡ı ÏÓ‰ÂÎ¸Ì˚ı ‚ÓÁ-
‡ÒÚÓ‚ Ë Ô‡‡ÏÂÚ‡ 

 

ε

 

Nd

 

 ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ÒÎÂ‰Û˛˘ËÂ
ÁÌ‡˜ÂÌËfl ÍÓÌÒÚ‡ÌÚ:  = 6.54

 

 × 

 

10

 

–12

 

 „Ó‰

 

–1

 

,

(

 

143

 

Nd/

 

144

 

Nd)

 

CHUR

 

 = 0.512636, (

 

147

 

Sm/

 

144

 

Nd)

 

CHUR

 

 =
= 0.1967. è‡‡ÏÂÚ 

 

ε

 

Nd

 

 ÓÔÂ‰ÂÎÂÌ Ò ÚÓ˜ÌÓÒÚ¸˛ 

 

±

 

0.5.

 

êÖáìãúíÄíõ ÉÖéïêéçéãéÉàóÖëäàï 
àëëãÖÑéÇÄçàâ

 

Ç „ËÔÂÒÚÂÌ-ÔÎ‡„ËÓÍÎ‡ÁÓ‚˚ı „‡ÌÛÎËÚ‡ı (ÔÓ-
·‡ 294Í) ÓÚÏÂ˜‡ÂÚÒfl ÁÌ‡˜ËÚÂÎ¸ÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ
ˆËÍÓÌ‡ ‡ÁÌÓÈ ÓÍ‡ÒÍË, ‡ÁÏÂ‡ Ë „‡·ËÚÛÒ‡. Ç˚-
‰ÂÎfl˛ÚÒfl ‰‚Â „ÛÔÔ˚ ˆËÍÓÌÓ‚: (1) ‰ÓÏËÌËÛ˛-
˘ËÂ ÔÓÁ‡˜Ì˚Â (95%) Ë (2) Â‰ÍËÂ ÏÛÚÌ˚Â (5%).
ñËÍÓÌ˚ ÔÂ‚ÓÈ „ÛÔÔ˚ – ˝ÎÎËÔÒÓË‰‡Î¸Ì˚Â, ÍÓ-
ÓÚÍÓ- Ë ‰ÎËÌÌÓÔËÁÏ‡ÚË˜ÂÒÍËÂ ÍËÒÚ‡ÎÎ˚ Ò Á‡-
ÍÛ„ÎÂÌÌ˚ÏË Â·‡ÏË Ë ‚Â¯ËÌ‡ÏË, ‡ÁÏÂÓÏ
120–500 ÏÍÏ, ÍÓ˝ÙÙËˆËÂÌÚ Û‰ÎËÌÂÌËfl 

 

K

 

y

 

 = 1.2–
5.0, ÂÊÂ ÓÚÏÂ˜‡˛ÚÒfl ÏÂÎÍËÂ (40–70 ÏÍÏ) ¯‡Ó-
Ó·‡ÁÌ˚Â ÁÂÌ‡ Ò 

 

K

 

y

 

 < 1.2 (ËÒ. 2). àÒÒÎÂ‰Ó‚‡ÌËÂ ‚
ÔÓıÓ‰fl˘ÂÏ Ò‚ÂÚÂ ‚˚fl‚ËÎÓ ÔÂÓ·Î‡‰‡ÌËÂ ÓÔÚË-
˜ÂÒÍË Ó‰ÌÓÓ‰Ì˚ı ˆËÍÓÌÓ‚ ÓÚ Ò‚ÂÚÎÓ-ÓÁÓ‚Ó„Ó
‰Ó ÚÂÏÌÓ-‚Ë¯ÌÂ‚Ó„Ó ˆ‚ÂÚ‡, ‡ ‚ Í‡ÚÓ‰ÓÎ˛ÏËÌÂÒ-
ˆÂÌˆËË (äã) ‚ ÌËı Ì‡·Î˛‰‡ÂÚÒfl ‰‚ÛıÙ‡ÁÌÓÂ ÒÚÓ-
ÂÌËÂ: ‰ËÔË‡ÏË‰‡Î¸ÌÓ-ÔËÁÏ‡ÚË˜ÂÒÍËÂ fl‰‡, ÒÎ‡-
„‡˛˘ËÂ ‰Ó 95% Ó·˙ÂÏ‡ ÍËÒÚ‡ÎÎ‡, Ë ÚÓÌÍ‡fl (1–
10 ÏÍÏ) Ò‚ÂÚÎÓ-ÒÂ‡fl ËÎË ·ÂÎ‡fl Ó·ÓÎÓ˜Í‡, ÍÓÚÓ-

λ
Sm

147

 

‡fl Í‡Í ·˚ Ò„Î‡ÊË‚‡ÂÚ ‰ËÔË‡ÏË‰‡Î¸Ì˚Â „‡ÌË Ë
ÒÓÁ‰‡ÂÚ ÒÎÓÊÌÓÓ„‡ÌÂÌÌ˚È ÏÌÓ„ÓÔÎÓÒÍÓÒÚÌÓÈ
˝ÎÎËÔÒÓË‰‡Î¸Ì˚È ËÎË ¯‡ÓÓ·‡ÁÌ˚È ‚ÌÂ¯ÌËÈ
Ó·ÎËÍ ÁÂÌ‡ ˆËÍÓÌ‡. èË ·ÓÎ¸¯Ëı Û‚ÂÎË˜ÂÌËflı
Ì‡ ̋ ÎÂÍÚÓÌÌÓÏ ÏËÍÓÒÍÓÔÂ Ì‡·Î˛‰‡ÂÚÒfl ÏÌÓÊÂ-
ÒÚ‚Ó ÏÂÎÍËı „‡ÌÂÈ Ò ‚˚ÒÓÍËÏ Ë‡ˆËÓÌ‡Î¸Ì˚Ï
ËÌ‰ÂÍÒÓÏ, ÔË‰‡˛˘Ëı ÁÂÌÛ ‚Ë‰ ÏÓÁ‡Ë˜ÌÓ Ó„‡-
ÌÂÌÌÓ„Ó ¯‡‡ ËÎË ˝ÎÎËÔÒÓË‰‡. ÇÒÚÂ˜‡˛ÚÒfl Â‰Ë-
ÌË˜Ì˚Â ̂ ËÍÓÌ˚, ‚ ÍÓÚÓ˚ı ÓÚÓÓ˜Í‡ ÒÚÓÎ¸ ÛÁÍ‡,
˜ÚÓ ÒÓÁ‰‡ÂÚÒfl ‚Ë‰ËÏÓÒÚ¸ ÂÂ ÓÚÒÛÚÒÚ‚Ëfl Ë Ó‰ÌÓÙ‡Á-
ÌÓ„Ó ÒÚÓÂÌËfl ÍËÒÚ‡ÎÎ‡ (Ú‡·Î. 1, ÁÂÌÓ 9). ç‡Ë-
·ÓÎÂÂ ˜‡ÒÚÓ Ì‡·Î˛‰‡˛ÚÒfl Ë‰ËÓÏÓÙÌ˚Â fl‰‡
ÔËÁÏ‡ÚË˜ÂÒÍÓ„Ó „‡·ËÚÛÒ‡ Ò ‰ËÔË‡ÏË‰‡Î¸Ì˚ÏË
‚Â¯ËÌ‡ÏË Ë Ò Ô‡‚ËÎ¸ÌÓÈ ÚÓÌÍÓÈ ËÚÏË˜ÂÒÍÓÈ
ÁÓÌ‡Î¸ÌÓÒÚ¸˛, ÍÓÌÙÓÏÌÓÈ Ò ‚ÌÂ¯ÌÂÈ Ó„‡ÌÍÓÈ
(Ú‡·Î. 1, ÁÂÌ‡ 6, 7). êÂÊÂ ÓÚÏÂ˜‡˛ÚÒfl fl‰‡ Ò ÒÂÍ-
ÚÓË‡Î¸ÌÓÈ ÁÓÌ‡Î¸ÌÓÒÚ¸˛, ‡ Ú‡ÍÊÂ ˆËÍÓÌ˚, ‚
ÍÓÚÓ˚ı ÔÓÎÓÒ˚ ËÚÏË˜ÂÒÍÓÈ ÁÓÌ‡Î¸ÌÓÒÚË ÌÂ
ÍÓÌÙÓÏÌ˚ ÍÓÌÚÛÛ ‚Â¯ËÌ˚ fl‰‡, ‡ ÛÚ˚Í‡˛ÚÒfl
‚ ÌÂ„Ó. Ç ¯‡ÓÓ·‡ÁÌ˚ı ÁÂÌ‡ı Ë‰ËÓÏÓÙÌ˚Â
fl‰‡ Ò Ô‡‚ËÎ¸ÌÓÈ Ï‡„Ï‡ÚË˜ÂÒÍÓÈ ÁÓÌ‡Î¸ÌÓÒÚ¸˛
ÒÓı‡Ìfl˛ÚÒfl ÂÊÂ, ˜‡˘Â ÓÚÏÂ˜‡˛ÚÒfl ÎË¯¸ Ëı
Ù‡„ÏÂÌÚ˚ (Ú‡·Î. 1, ÁÂÌÓ 14). å‡„Ï‡ÚË˜ÂÒÍÛ˛
ÁÓÌ‡Î¸ÌÓÒÚ¸ ̂ ËÍÓÌ‡ (Ú‡·Î. 1, ÁÂÌÓ 18) ÍÓÓ‰Ë-
Û˛Ú ·ÂÎ˚Â ‚ äã ÒÂÍÛ˘ËÂ ÁÓÌÍË ÔÂÂÍËÒÚ‡ÎÎË-
Á‡ˆËË ÔË˜Û‰ÎË‚ÓÈ ÙÓÏ˚, ËÌÓ„‰‡ ÓÚÏÂ˜‡ÂÚÒfl
ÔÓÎÌÓÂ ÛÌË˜ÚÓÊÂÌËÂ ÁÓÌ‡Î¸ÌÓÒÚË Ë ÙÓÏËÓ‚‡-
ÌËÂ Ó‰ÌÓÓ‰ÌÓ„Ó ÌÂÁÓÌ‡Î¸ÌÓ„Ó fl‰‡ ÓÍÛ„ÎÓÈ
ÙÓÏ˚.

ñËÍÓÌ˚ ‚ÚÓÓÈ „ÛÔÔ˚ (ËÒ. 2) ÔÂ‰ÒÚ‡‚ÎÂÌ˚
ÏÛÚÌ˚ÏË ÔËÁÏ‡ÚË˜ÂÒÍËÏË (Ú‡·Î. 1, ÁÂÌ‡ 1, 11,
12) Ë ˝ÎÎËÔÒÓË‰‡Î¸Ì˚ÏË (Ú‡·Î. 1, ÁÂÌ‡ 3, 10, 19)
ÍËÒÚ‡ÎÎ‡ÏË ‡ÁÏÂÓÏ 150–300 ÏÍÏ Ò 

 

K

 

y

 

 = 2.5–5.0.
Ç äã ˆËÍÓÌ˚ ÚÂÏÌ˚Â, ÔÓ˜ÚË ˜ÂÌ˚Â, ÁÓÌ‡Î¸-
ÌÓÒÚ¸ ÌÂ˜ÂÚÍ‡fl, ‚ ÓÚ‰ÂÎ¸Ì˚ı ÁÂÌ‡ı Ì‡·Î˛‰‡˛ÚÒfl
ÌÂflÒÌ˚Â fl‰‡ Ë ÚÓÌÍËÂ ÒÂ˚Â Ë ·ÂÎ˚Â Ó·ÓÎÓ˜ÍË.
á‡ÏÛÚÌÂÌÌÓÒÚ¸ ÍËÒÚ‡ÎÎÓ‚, ‚ÂÓflÚÌÓ, ÒÓÁ‰‡˛Ú
ÏÌÓ„Ó˜ËÒÎÂÌÌ˚Â ‚ÍÎ˛˜ÂÌËfl, ÍÓÚÓ˚Â Ó·ËÎ¸Ì˚ ‚
ˆÂÌÚ‡Î¸Ì˚ı ˜‡ÒÚflı ÁÂÂÌ Ë ÓÚÒÛÚÒÚ‚Û˛Ú ‚ „ÓÎÓ‚-
Í‡ı Ë ÔÓ ÔÂËÙÂËË ÍËÒÚ‡ÎÎÓ‚ (Ú‡·Î. 1, ÁÂÌ‡ 1,
3, 11).

Ç ˆËÍÓÌ‡ı ËÁ ÔÓ·˚ 294Í ·˚ÎÓ ‚˚ÔÓÎÌÂÌÓ
33 U-Pb ÓÔÂ‰ÂÎÂÌËfl ‚ÓÁ‡ÒÚ‡ (Ú‡·Î. 1, ËÒ. 3) ËÁ
‡ÁÎË˜Ì˚ı ˜‡ÒÚÂÈ ÍËÒÚ‡ÎÎÓ‚ – ˆÂÌÚ‡ Ë ÔÂËÙÂ-
ËË fl‰‡, ÒÂÍÛ˘Ëı ÁÓÌ ÔÂÂÍËÒÚ‡ÎÎËÁ‡ˆËË. Ç
Ó·ÓÎÓ˜Í‡ı ËÁÏÂÂÌËfl ÌÂ ÔÓ‚Ó‰ËÎËÒ¸, Ú‡Í Í‡Í Ëı
ÚÓÎ˘ËÌ‡ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÏÂÌ¸¯Â ‰Ë‡ÏÂÚ‡ ‡Ì‡ÎËÚË-
˜ÂÒÍÓ„Ó ÔflÚÌ‡. ÑÎfl ˆËÍÓÌÓ‚ ÔÂ‚ÓÈ „ÛÔÔ˚ ‡Á-
ÎË˜ÌÓ„Ó „‡·ËÚÛÒ‡ ÔÓÎÛ˜ÂÌ˚ ÒÛ·ÍÓÌÍÓ‰‡ÌÚÌ˚Â
(ÒÚÂÔÂÌ¸ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚË ÓÚ –1 ‰Ó + l %) ÁÌ‡˜ÂÌËfl
‚ÓÁ‡ÒÚ‡ ÔÓ ËÁÓÚÓÔÌÓÏÛ ÓÚÌÓ¯ÂÌË˛ 

 

207

 

Pb/

 

206

 

Pb ‚
‰Ë‡Ô‡ÁÓÌÂ ÓÚ 3.7 ‰Ó 3.3 ÏÎ‰. ÎÂÚ ‚ fl‰‡ı (Ú‡·Î. 1,
ÚÓ˜Í‡ 16.1), Ëı Í‡flı (Ú‡·Î. 1, ÚÓ˜Í‡ 16.2) Ë ‚ ÁÓÌ‡ı
ÔÂÂÍËÒÚ‡ÎÎËÁ‡ˆËË (Ú‡·Î. 1, ÚÓ˜Í‡ 18.1). ñËÍÓ-
Ì˚ ˝ÚÓÈ „ÛÔÔ˚ ı‡‡ÍÚÂËÁÛ˛ÚÒfl Í‡Í ÚËÔË˜Ì˚Ï
‰Îfl Ï‡„Ï‡ÚË˜ÂÒÍËı ̂ ËÍÓÌÓ‚ ÚÓËÈ-Û‡ÌÓ‚˚Ï ÓÚ-
ÌÓ¯ÂÌËÂÏ (0.7–0.25), Ú‡Í Ë ÔÓÌËÊÂÌÌ˚Ï Â„Ó ÁÌ‡-
˜ÂÌËÂÏ (<0.25) ÔË ÓÚÌÓÒËÚÂÎ¸ÌÓ ÌËÁÍËı ÒÓ‰ÂÊ‡-
ÌËflı Û‡Ì‡ – ÓÚ 60 ‰Ó 638 ÏÍ„/„. ãËÌËfl Â„ÂÒÒËË,
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294k. 1.1
(2946±4)

294k. 1.2
(2777±4)

294k. 7.1
(3472±11)

294k. 14.1
(3456±13)

133‚. 7.2
(2853±83)

294k. 2.2
(3686±4)

133‚. 7.1
(3198±4)

294Í. 2.1
(2972±5)

133‚. 1.2
(3283±7)

133‚. 8.2
(3366±6)

133‚. 8.1
(2369±18)

8‡. 7.1
(3094±11)

8‡. 5.2
(3191±13)8‡. 5.1

(3346±9)

8‡. 1.1
(3307±12)

8‡. 4.2
(2716±9)

10·. 1.1
(3261±6)

10·. 2.1
(1876±11)

10·. 12.1
(2998±7)

10·. 8.1
(1862±18)

8‡. 4.1
(3353±9)

200 ÏÍÏ

 

êËÒ. 2.

 

 åËÍÓÏÓÙÓÎÓ„Ëfl ˆËÍÓÌÓ‚ ËÁ ÏÂÚ‡ÏÓÙË˜ÂÒÍËı ÔÓÓ‰ äÛıÚÛÈÒÍÓ„Ó ‚˚ÒÚÛÔ‡. 
ç‡ ÙÓÚÓ„‡ÙËflı ÔÓÍ‡Á‡ÌÓ ‡ÒÔÓÎÓÊÂÌËÂ ÚÓ˜ÂÍ ‡Ì‡ÎËÁ‡ ËÁÓÚÓÔÌÓ„Ó ÒÓÒÚ‡‚‡ Û‡Ì‡ Ë Ò‚ËÌˆ‡, ÌÓÏÂ ‡Ì‡ÎËÁ‡ Ë ‚ÓÁ‡ÒÚ
ÔÓ ÓÚÌÓ¯ÂÌË˛ 

 

206

 

Pb/

 

207

 

Pb (ÏÎÌ. ÎÂÚ). çÓÏÂ‡ ÚÓ˜ÂÍ ‡Ì‡ÎËÁ‡ ˆËÍÓÌ‡ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÔË‚Â‰ÂÌÌ˚Ï ‚ Ú‡·ÎËˆÂ 1. 

 

133‚. 1.1
(3323±6)
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äÛÁ¸ÏËÌ 

 

Ë ‰

 

.
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U
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Í„
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Th/U
0.4 0.6 0.8 1.0
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0.4
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0.8

I

II

 

206

 

Pb/

 

238

 

U

2600

1800

2200

3400

3800

 

êËÒ. 3.

 

 ÑË‡„‡ÏÏ‡ Ò ÍÓÌÍÓ‰ËÂÈ ‰Îfl ˆËÍÓÌÓ‚ ËÁ „ËÔÂÒÚÂÌ-ÔÎ‡„ËÓÍÎ‡ÁÓ‚˚ı „‡ÌÛÎËÚÓ‚ (ÔÓ·‡ 294Í). 
ÑËÒÍÓ‰Ëfl I: T

 

1

 

 = 3665 

 

± 

 

19, T

 

2

 

 = 2427 

 

± 

 

120 ÏÎÌ. ÎÂÚ, ëäÇé = 0.56 (ÔÓ‚Â‰ÂÌ‡ ˜ÂÂÁ ÚÓ˜ÍË 2.2, 17.2, 19, 26, 32, 39, 45,
ÒÏ. Ú‡·Î. 1); ‰ËÒÍÓ‰Ëfl II: T

 

1

 

 = 3322 

 

± 

 

50, T

 

2

 

 = 737 

 

± 

 

97 ÏÎÌ. ÎÂÚ, ëäÇé = 58 (ÔÓ‚Â‰ÂÌ‡ ˜ÂÂÁ ÚÓ˜ÍË 1.2, 1.1, 2.1, 11.1,
3.1, 19.1, 12.1, 16.2, ÒÏ. Ú‡·Î. 1). ç‡ ‚ÂÁÍÂ ÔÓÍ‡Á‡Ì‡ Á‡‚ËÒËÏÓÒÚ¸ ÒÓ‰ÂÊ‡ÌËfl Û‡Ì‡ (ÏÍ„/„) ÓÚ ‚ÂÎË˜ËÌ˚ ÚÓËÈ-Û‡ÌÓ-
‚Ó„Ó ÓÚÌÓ¯ÂÌËfl ‰Îfl ˆËÍÓÌÓ‚, Á‰ÂÒ¸ Ë Ì‡ ËÒ. 4–10 – ‡ÁÎË˜Ì˚Â ÏÓÙÓÚËÔ˚ ˆËÍÓÌÓ‚: Í‚‡‰‡Ú˚ – ‰ÎËÌÌÓÔËÁÏ‡ÚË-
˜ÂÒÍËÈ Ë Û‰ÎËÌÂÌÌÓ-˝ÎÎËÔÒÓË‰‡Î¸Ì˚È 

 

K

 

Û

 

 > 2.0 (ÏÓÙÓÚËÔ˚ 1‡, 1·); ÓÏ·˚ – ÔËÁÏ‡ÚË˜ÂÒÍËÈ Ë ˝ÎÎËÔÒÓË‰‡Î¸Ì˚È,

 

K

 

Û

 

 = 1.5–2.0 (ÏÓÙÓÚËÔ˚ 2‡, 2·); ÚÂÛ„ÓÎ¸ÌËÍË – ÍÓÓÚÍÓÔËÁÏ‡ÚË˜ÂÒÍËÈ Ë ÍÓÓÚÍÓ˝ÎÎËÔÒÓË‰‡Î¸Ì˚È, 

 

K

 

Û

 

 = 1.2–1.5
(ÏÓÙÓÚËÔ˚ 3‡, 3·); ÍÛÊÍË – ¯‡ÓÓ·‡ÁÌ˚È, 

 

K

 

Û

 

 < 1.2 (ÏÓÙÓÚËÔ˚ 4‡, 4·); ÍÂÒÚ˚ – ÒÍÓÎÍË. á‡ÎËÚ˚Â ÒËÏ‚ÓÎ˚ – fl‰‡
(ÏÓÙÓÚËÔ˚ 1‡, 2‡, 3‡, 4‡), ÌÂÁ‡ÎËÚ˚Â – Ó·ÓÎÓ˜ÍË (ÏÓÙÓÚËÔ˚ 1·, 2·, 3·, 4·) ˆËÍÓÌÓ‚.

 

ÔÓÒÚÓÂÌÌ‡fl ‰Îfl ˆËÍÓÌÓ‚ ÔÂ‚ÓÈ „ÛÔÔ˚ ÔÓ ÚÓ˜-
Í‡Ï Ò ‰ËÒÍÓ‰‡ÌÚÌÓÒÚ¸˛ ÓÚ +2 ‰Ó +8 (Ú‡·Î. 1,
ÚÓ˜ÍË 2.2, 26, 19, 45, 39, 17.2, 32), ‰‡ÂÚ ‚ÂıÌÂÂ
ÔÂÂÒÂ˜ÂÌËÂ Ò ÍÓÌÍÓ‰ËÂÈ, ÓÚ‚Â˜‡˛˘ÂÂ ˝Ó‡-
ıÂÈÒÍÓÏÛ ‚ÓÁ‡ÒÚÛ 3665 

 

± 

 

19 ÏÎÌ. ÎÂÚ, ÒÓ‚Ô‡‰‡˛-
˘ÂÏÛ Ò Ò‡ÏÓÈ ‰Â‚ÌÂÈ ÍÓÌÍÓ‰‡ÌÚÌÓÈ ‰‡ÚËÓ‚ÍÓÈ
3686 

 

± 

 

4 ÏÎÌ. ÎÂÚ (Ú‡·Î. 1, ÚÓ˜Í‡ 2.2), Ë ÌËÊÌÂÂ ÔÂÂ-
ÒÂ˜ÂÌËÂ, ÓÚ‚Â˜‡˛˘ÂÂ ‚ÓÁ‡ÒÚÛ 2427 

 

± 

 

120 ÏÎÌ. ÎÂÚ,
ëäÇé = 0.56. ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ÔËÒÛÚÒÚ‚ËÂ ‚ ËÒ-
ÒÎÂ‰ÛÂÏÓÏ „‡ÌÛÎËÚÂ ˆËÍÓÌÓ‚ ‚ÚÓÓÈ „ÛÔÔ˚ Ò
‚ÓÁ‡ÒÚÓÏ ÓÍÓÎÓ 3.3 ÏÎ‰. ÎÂÚ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó
ÚÂÍÚÓÌÓÚÂÏ‡Î¸ÌÓÏ ÒÓ·˚ÚËË, ÍÓÚÓÓÂ ÌÂ ÏÓ„ÎÓ
ÌÂ ÒÍ‡Á‡Ú¸Òfl Ì‡ Ì‡Û¯ÂÌËË U-Pb ËÁÓÚÓÔÌÓÈ ÒËÒÚÂ-
Ï˚ ‚ ·ÓÎÂÂ ‰Â‚ÌËı ̂ ËÍÓÌ‡ı ÔÂ‚ÓÈ „ÛÔÔ˚. ùÚÓ
ÔÓ‰Ú‚ÂÊ‰‡ÂÚ ÚÂÌ‰ 

 

207

 

êb/

 

206

 

êb ‰‡ÚËÓ‚ÓÍ, ÓÔÂ-
‰ÂÎÂÌÌ˚ı ‚ ˆÂÌÚÂ (3632 

 

± 

 

5 ÏÎÌ. ÎÂÚ) Ë ÔÓ ÔÂË-
ÙÂËË (3333 

 

± 

 

15 ÏÎÌ. ÎÂÚ) ÁÂÌ‡ 16, Ë ËÁÏÂÌÂÌËfl
Th/U ÓÚÌÓ¯ÂÌËÈ ‚ ÌÂÏ, ÍÓÚÓ˚Â ÒÓ‚Ô‡‰‡˛Ú Ò ‚ÂÍ-
ÚÓÓÏ ËÁÏÂÌ˜Ë‚ÓÒÚË ˝ÚËı Ô‡‡ÏÂÚÓ‚ ‚ ‚˚·ÓÍÂ
ÒÛ·ÍÓÌÍÓ‰‡ÌÚÌ˚ı ÚÓ˜ÂÍ. àÌÚÂÔÂÚ‡ˆËfl ÂÁÛÎ¸-
Ú‡ÚÓ‚ U-Pb ÓÔÂ‰ÂÎÂÌËÈ ÔÓ ‰Û„ËÏ ÚÓ˜Í‡Ï ÔÂ‚ÓÈ
„ÛÔÔ˚ ˆËÍÓÌÓ‚ ‚ÂÒ¸Ï‡ Á‡ÚÛ‰ÌËÚÂÎ¸Ì‡, Ú‡Í Í‡Í
‰Îfl Ë‰ËÓÏÓÙÌ˚ı fl‰Â ˆËÍÓÌ‡ ÛÒÚ‡ÌÓ‚ÎÂÌÓ, Í‡Í

ÏËÌËÏÛÏ, ÚË ÍÎ‡ÒÚÂ‡ ‰‡ÚËÓ‚ÓÍ (ÔË·ÎËÁËÚÂÎ¸-
ÌÓ Ì‡ ÛÓ‚ÌÂ 3.45, 3.55, 3.65 ÏÎ‰. ÎÂÚ), ÔË˜ÂÏ Í‡Í
ÍÓÌÍÓ‰‡ÌÚÌ˚ı Ë ÒÛ·ÍÓÌÍÓ‰‡ÌÚÌ˚ı, Ú‡Í Ë Ó·-
‡ÚÌÓ-‰ËÒÍÓ‰‡ÌÚÌ˚ı, ‡ Ú‡ÍÊÂ ÁÌ‡˜ËÚÂÎ¸Ì˚È
‡Á·ÓÒ ÁÌ‡˜ÂÌËÈ ÚÓËÈ-Û‡ÌÓ‚Ó„Ó ÓÚÌÓ¯ÂÌËfl,
˜ÚÓ ÏÓÊÂÚ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó‚‡Ú¸ Ó ÌÂÒÍÓÎ¸ÍËı ÒÓ·˚-
ÚËflı ‚ ‰Ë‡Ô‡ÁÓÌÂ 3.3–3.7 ÏÎ‰. ÎÂÚ. Ç Ò‚flÁË Ò ˝ÚËÏ
Á‡ÏÂÚËÏ, ˜ÚÓ Ì‡ „ËÒÚÓ„‡ÏÏÂ, ÔÓÒÚÓÂÌÌÓÈ ÔÓ Â-
ÁÛÎ¸Ú‡Ú‡Ï Pb-Pb ‰‡ÚËÓ‚‡ÌËfl ¯ÂÒÚË‰ÂÒflÚË ÁÂÂÌ
ˆËÍÓÌÓ‚, Ì‡·Î˛‰‡ÂÚÒfl Â‰ËÌÒÚ‚ÂÌÌ˚È Ï‡ÍÒËÏÛÏ
3535 ÏÎÌ. ÎÂÚ (äÛÁ¸ÏËÌ Ë ‰., 2005‡, 2005·).

ÑÎfl ˆËÍÓÌÓ‚ ‚ÚÓÓÈ „ÛÔÔ˚ U-Pb ÓÔÂ‰ÂÎÂ-
ÌËfl ‚ÓÁ‡ÒÚ‡ ÔÓ‚Ó‰ËÎËÒ¸ Í‡Í ‚ ˆÂÌÚ‡Î¸Ì˚ı, Ú‡Í
Ë ‚ ÔÂËÙÂËÈÌ˚ı ̃ ‡ÒÚflı ÍËÒÚ‡ÎÎÓ‚. ÑÎfl ÌËı ı‡-
‡ÍÚÂÌ˚ ‚˚ÒÓÍËÂ ÒÓ‰ÂÊ‡ÌËfl Û‡Ì‡ (1470–
2900 ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ 2070 ÏÍ„/„), ÔÓÌËÊÂÌÌ˚Â ÚÓ-
ËÈ-Û‡ÌÓ‚˚Â ÓÚÌÓ¯ÂÌËfl (0.02–0.19, ‚ ÒÂ‰ÌÂÏ
0.1 ÏÍ„/„) Ë ÒËÎ¸ÌÓ ‰ËÒÍÓ‰‡ÌÚÌ˚Â (D = 18–102, ‚
ÒÂ‰ÌÂÏ 48) ‰‡ÚËÓ‚ÍË, ‰‡˛˘ËÂ ¯ËÓÍËÈ ÒÔÂÍÚ
ÁÌ‡˜ÂÌËÈ – ÓÚ 2777 ‰Ó 3293 ÏÎÌ. ÎÂÚ, ˜ÚÓ Ò‚Ë‰Â-
ÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÁÌ‡˜ËÚÂÎ¸ÌÓÈ Ì‡Û¯ÂÌÌÓÒÚË U-Pb
ËÁÓÚÓÔÌÓÈ ÒËÒÚÂÏ˚ ÔË Ì‡ÎÓÊÂÌÌ˚ı ·ÓÎÂÂ ÔÓÁ‰-



 

ëíêÄíàÉêÄîàü. ÉÖéãéÉàóÖëäÄü äéêêÖãüñàü      ÚÓÏ 17      ‹ 4      2009

 

ÉãÄÇçõÖ ùíÄèõ îéêåàêéÇÄçàü èÄãÖéÄêïÖâëäéâ äéêõ

 

9

 

í
‡
·

Î
Ë

ˆ
‡
 1

.

 

  ê
ÂÁ

ÛÎ
¸Ú

‡Ú
˚

 U
-P

b 
ËÁ

ÓÚ
ÓÔ

ÌÓ
„Ó

 ‡
Ì‡

ÎË
Á‡

 ˆ
Ë

ÍÓ
ÌÓ

‚ 
Ï

ÂÚ
‡Ï

Ó
Ù

Ë˜
ÂÒ

ÍË
ı 

ÔÓ
Ó

‰ 
ä

Ûı
ÚÛ

ÈÒ
ÍÓ

„Ó
 ‚

˚
ÒÚ

ÛÔ
‡

ç
ÓÏ

Â
 

ÚÓ
˜Í

Ë
å

Ó
-

Ù
ÓÚ

ËÔ

é
·˚

ÍÌ
Ó-

‚Â
ÌÌ

˚
È 

 

20
6

 

Pb
,%

U
,

Ï
Í„

/„
T

h,
Ï

Í„
/„

T
h/

U
ê

‡‰
ËÓ

„Â
Ì-

Ì˚
È 

 

20
6

 

Pb
, 

Ï
Í„

/„

Ç
ÓÁ

‡
ÒÚ

, Ï
ÎÌ

. Î
ÂÚ

ë
ÚÂ

ÔÂ
Ì¸

‰Ë
ÒÍ

Ó
‰‡

ÌÚ
-

ÌÓ
ÒÚ

Ë,
 %

à
ÁÓ

ÚÓ
ÔÌ

˚
Â 

ÓÚ
ÌÓ

¯
ÂÌ

Ëfl
 (

Ò 
ÍÓ


ÂÍ

ˆË
ÂÈ

Ì‡
 Ó

·˚
ÍÌ

Ó‚
ÂÌ

Ì˚
È 

Ò‚
ËÌ

Âˆ
 Ô

Ó 

 

20
4

 

Pb
)

 

20
6

 

Pb
/

 

23
8

 

U

 

20
7

 

Pb
/

 

20
6

 

Pb

 

20
7

 

Pb
/

 

23
5

 

U

 

20
6

 

Pb
/

 

23
8

 

U
ÍÓ

˝Ù
Ù

Ëˆ
ËÂ

ÌÚ
 

ÍÓ


ÂÎ
flˆ

ËË

29
4Í

 „
ËÔ

Â
ÒÚ

ÂÌ
-Ô

Î‡
„Ë

ÓÍ
Î‡

ÁÓ
‚˚

È 
„

‡Ì
ÛÎ

ËÚ
1.

1
1‡

0.
05

22
44

25
7

0.
12

59
9.

7
17

45
.6

 

 

±

 

 6
.1

29
46

 

 

±

 

 4
69

9.
23

 

 

±

 

 0
.5

0.
31

1 

 

±

 

 0
.4

0.
81

9
1.

2
1‡

0.
13

28
95

13
4

0.
05

59
3.

6
13

78
.1

 ±
 4

.8
27

77
 ±

 4
10

2
6.

38
 ±

 0
.4

0.
23

83
 ±

 0
.4

0.
87

2.
1

1‡
0.

16
23

10
42

9
0.

19
63

6.
1

17
90

.1
 ±

 6
.2

29
72

 ±
 5

66
9.

65
 ±

 0
.5

0.
32

01
 ±

 0
.4

0.
80

5
2.

2
1‡

0.
04

49
1

34
6

0.
73

32
8.

4
37

08
.1

 ±
 1

4
36

86
 ±

 4
–1

37
 ±

 0
.5

0.
77

75
 ±

 0
.5

0.
90

2
3.

1
1‡

0.
05

14
71

14
2

0.
1

57
6.

7
24

22
.7

 ±
 8

.3
31

79
 ±

 3
31

15
.6

7 
± 

0.
5

0.
45

62
 ±

 0
.4

0.
89

1
4.

1
2‡

0.
04

43
8

10
0.

02
26

5.
7

34
40

.7
 ±

 1
3.

5
34

41
 ±

 4
0

28
.6

2 
± 

0.
6

0.
70

53
 ±

 0
.5

0.
88

5
5.

1
1‡

0.
05

48
4

22
5

0.
48

30
8.

2
35

72
.7

 ±
 1

3.
5

35
31

 ±
 4

–1
31

.8
6 

± 
0.

6
0.

74
06

 ±
 0

.5
0.

89
5

6.
1

2‡
0.

11
20

8
66

0.
33

12
3.

1
33

81
.3

 ±
 2

1.
7

34
44

 ±
 8

2
28

.0
5 

± 
1

0.
68

97
 ±

 0
.8

0.
83

8
7.

1
2‡

0.
15

21
4

65
0.

31
12

7.
8

33
96

.9
 ±

 1
8.

5
34

72
 ±

 1
1

2
28

.7
3 

± 
1

0.
69

37
 ±

 0
.7

0.
71

8
8.

1
3‡

0.
04

56
0

40
1

0.
74

35
0.

6
35

27
.1

 ±
 1

6.
8

35
13

 ±
 5

0
30

.9
6 

± 
0.

7
0.

72
83

 ±
 0

.6
0.

88
1

9.
1

2‡
0.

34
16

9
45

0.
28

10
8.

6
35

88
.8

 ±
 2

4.
3

35
59

 ±
 8

–1
32

.6
3 

± 
1

0.
74

49
 ±

 0
.9

0.
84

8
10

.1
1‡

0.
07

15
70

56
0.

04
49

6.
9

20
20

.3
 ±

 7
.9

28
59

 ±
 4

41
10

.3
5 

± 
0.

5
0.

36
81

 ±
 0

.5
0.

89
1

11
.1

1‡
0.

06
20

81
49

0.
02

79
4

23
67

.8
 ±

 8
31

60
 ±

 6
33

15
.0

6 
± 

0.
6

0.
44

38
 ±

 0
.4

0.
72

2
12

.1
1‡

0.
02

21
54

38
3

0.
18

10
01

.7
27

88
.4

 ±
 9

.2
32

93
 ±

 3
18

19
.9

8 
± 

0.
4

0.
54

12
 ±

 0
.4

0.
91

6
14

.1
3‡

0.
14

30
7

5
0.

02
18

5.
4

34
26

 ±
 2

3.
8

34
56

 ±
 1

3
1

28
.7

4 
± 

1.
2

0.
70

14
 ±

 0
.9

0.
74

1
15

.1
2‡

0.
15

24
2

86
0.

37
15

5.
8

36
00

.4
 ±

 2
1.

4
35

25
 ±

 8
–2

32
.0

6 
± 

0.
9

0.
74

81
 ±

 0
.8

0.
84

4
16

.1
1‡

0.
08

35
5

18
0

0.
52

23
6.

5
36

99
.9

 ±
 1

6.
9

36
25

 ±
 5

–2
35

.4
6 

± 
0.

7
0.

77
52

 ±
 0

.6
0.

86
3

16
.2

1‡
0.

05
63

8
37

0.
06

36
8.

7
33

14
.1

 ±
 1

2.
2

33
33

 ±
 1

5
1

25
.4

6 
± 

1.
1

0.
67

21
 ±

 0
.5

0.
43

1
16

.3
1‡

0.
09

29
7

18
4

0.
64

19
5

36
58

.1
 ±

 1
5.

2
36

32
 ±

 5
–1

35
.0

9 
± 

0.
6

0.
76

38
 ±

 0
.5

0.
87

8
17

.1
1‡

0.
06

63
8

29
4

0.
48

40
6.

3
35

72
.8

 ±
 1

2.
8

35
19

 ±
 3

–2
31

.6
1 

± 
0.

5
0.

74
06

 ±
 0

.5
0.

90
3

17
.2

1‡
0.

24
60

12
0.

21
33

.6
32

32
.8

 ±
 2

6.
3

34
09

 ±
 1

1
5

25
.8

9 
± 

1.
3

0.
65

12
 ±

 1
0.

82
1

18
.1

1‡
0.

19
72

15
0.

21
46

.1
35

93
.6

 ±
 2

5.
6

35
18

 ±
 9

–2
31

.8
4 

± 
1.

1
0.

74
62

 ±
 0

.9
0.

83
8

18
.2

1‡
0.

04
52

2
32

1
0.

63
33

7.
3

36
13

.2
 ±

 1
3.

3
35

18
 ±

 4
–3

32
.0

6 
± 

0.
5

0.
75

15
 ±

 0
.5

0.
89

4
19

.1
1‡

0.
02

17
97

23
3

0.
13

72
4.

7
24

80
.9

 ±
 8

.2
31

70
 ±

 3
28

16
.0

3 
± 

0.
5

0.
46

94
 ±

 0
.4

0.
87

8
11

1‡
0.

3
17

9
37

0.
22

11
4.

8
35

88
.6

 ±
 1

9.
7

35
23

 ±
 7

–2
31

.8
7 

± 
0.

8
0.

74
49

 ±
 0

.7
0.

86
13

4‡
0.

03
14

6
29

0.
2

96
.6

36
79

.7
 ±

 3
1.

3
35

45
 ±

 2
8

–
4

33
.4

2 
± 

2.
1

0.
76

97
 ±

 1
.1

0.
52

3
19

4‡
0.

01
38

6
38

0.
1

23
9.

2
35

00
 ±

 2
3.

1
35

84
 ±

 6
2

32
.1

 ±
 1

0.
72

11
 ±

 0
.9

0.
89

8
26

2‡
0.

03
25

8
58

0.
23

16
0.

1
35

00
.9

 ±
 2

1.
9

35
83

 ±
 9

2
32

.0
9 

± 
1

0.
72

13
 ±

 0
.8

0.
82

5
31

2‡
0

32
8

21
0.

07
21

9.
8

37
18

.1
 ±

 2
5

36
10

 ±
 7

–3
35

.3
5 

± 
1

0.
78

03
 ±

 0
.9

0.
89

9
32

4‡
0.

06
31

0
16

0.
05

16
5.

5
31

11
.9

 ±
 2

3.
6

33
67

 ±
 7

8
24

.0
2 

± 
1

0.
62

05
 ±

 1
0.

91
4

33
2‡

0
11

5
30

0.
27

77
.9

37
38

.9
 ±

 3
7

35
89

 ±
 1

2
–

4
35

.1
1 

± 
1.

5
0.

78
6 

± 
1.

3
0.

85
9

39
2‡

0.
02

51
9

21
0.

04
31

1.
1

34
13

.1
 ±

 1
8.

1
35

41
 ±

 1
2

4
30

.2
3 

± 
1

0.
69

8 
± 

0.
7

0.
65

3
45

2‡
0.

02
56

3
41

0.
07

34
2

34
48

.7
 ±

 2
1.

4
35

61
 ±

 6
3

31
.0

3 
± 

0.
9

0.
70

74
 ±

 0
.8

0.
88

7



10

ëíêÄíàÉêÄîàü. ÉÖéãéÉàóÖëäÄü äéêêÖãüñàü      ÚÓÏ 17      ‹ 4      2009

äÛÁ¸ÏËÌ Ë ‰.
í

‡
·

Î
Ë

ˆ
‡
 1

.  
è

Ó
‰Ó

ÎÊ
ÂÌ

ËÂ

ç
ÓÏ

Â
 

ÚÓ
˜Í

Ë
å

Ó
-

Ù
ÓÚ

ËÔ

é
·˚

ÍÌ
Ó-

‚Â
ÌÌ

˚
È 

20
6 Pb

,%

U
,

Ï
Í„

/„
T

h,
Ï

Í„
/„

T
h/

U
ê

‡‰
ËÓ

„Â
Ì-

Ì˚
È 

20
6 Pb

, 
Ï

Í„
/„

Ç
ÓÁ

‡
ÒÚ

, Ï
ÎÌ

. Î
ÂÚ

ë
ÚÂ

ÔÂ
Ì¸

‰Ë
ÒÍ

Ó
‰‡

ÌÚ
-

ÌÓ
ÒÚ

Ë,
 %

à
ÁÓ

ÚÓ
ÔÌ

˚
Â 

ÓÚ
ÌÓ

¯
ÂÌ

Ëfl
 (

Ò 
ÍÓ


ÂÍ

ˆË
ÂÈ

Ì‡
 Ó

·˚
ÍÌ

Ó‚
ÂÌ

Ì˚
È 

Ò‚
ËÌ

Âˆ
 Ô

Ó 
20

4 Pb
)

20
6 Pb

/23
8 U

20
7 Pb

/20
6 Pb

20
7 Pb

/23
5 U

20
6 Pb

/23
8 U

ÍÓ
˝Ù

Ù
Ëˆ

ËÂ
ÌÚ

 
ÍÓ


ÂÎ

flˆ
ËË

13
3‚

 ‰
ËÓ

ÔÒ
Ë‰

-Ô
Î‡

„Ë
ÓÍ

Î‡
Á-

Ó
„Ó

‚Ó
Ó·

Ï
‡Ì

ÍÓ
‚˚

È 
‡Ï

Ù
Ë·

ÓÎ
ËÚ

1.
1

1‡
0.

02
17

2
48

0.
29

10
0

33
31

.4
 ±

 4
4.

8
33

23
 ±

 6
0

25
.4

6 
± 

1.
8

0.
67

66
 ±

 1
.7

0.
97

8
1.

2
1‡

0.
02

58
8

16
1

0.
28

30
6.

2
30

55
 ±

 4
1.

4
32

83
 ±

 7
7

22
.2

3 
± 

1.
8

0.
60

62
 ±

 1
.7

0.
96

5
2.

1
4‡

0
16

0
39

0.
25

90
.5

32
55

 ±
 4

4.
4

33
02

 ±
 6

1
24

.3
9 

± 
1.

8
0.

65
69

 ±
 1

.7
0.

97
6

3.
1

3‡
0

51
1

19
0.

04
26

6.
1

30
53

.7
 ±

 4
1.

5
32

03
 ±

 5
5

21
.1

3 
± 

1.
7

0.
60

59
 ±

 1
.7

0.
98

4
4.

1
1·

0.
65

26
3

0.
11

7.
5

18
42

.2
 ±

 3
1.

7
19

39
 ±

 5
4

5
5.

42
 ±

 3
.6

0.
33

08
 ±

 2
0.

54
7

4.
2

1‡
0.

64
59

6
67

0.
12

14
9.

7
16

43
.6

 ±
 2

4.
8

28
54

 ±
 7

74
8.

15
 ±

 1
.8

0.
29

04
 ±

 1
.7

0.
97

3
5.

1
2‡

0.
04

11
8

42
0.

36
66

.8
32

54
.9

 ±
 4

4.
9

33
32

 ±
 7

2
24

.8
7 

± 
1.

8
0.

65
68

 ±
 1

.8
0.

97
5.

2
2‡

0.
01

22
8

94
0.

43
10

0.
8

26
81

.5
 ±

 3
7.

9
26

91
 ±

 7
0

13
.1

 ±
 1

.8
0.

51
58

 ±
 1

.7
0.

97
3

6.
1

5
0

26
6

16
0

0.
62

76
.7

18
63

.1
 ±

 2
7.

9
19

07
 ±

 1
0

2
5.

39
 ±

 1
.8

0.
33

51
 ±

 1
.7

0.
94

9
7.

1
4‡

2.
91

5
1

0.
29

2.
4

26
62

.2
 ±

 6
8.

3
28

53
 ±

 8
3

7
14

.3
3 

± 
6

0.
51

13
 ±

 3
.1

0.
52

5
7.

2
4‡

0.
01

64
2

10
0

0.
16

35
1.

4
31

78
.4

 ±
 4

2.
7

31
98

 ±
 4

1
22

.1
5 

± 
1.

7
0.

63
73

 ±
 1

.7
0.

99
8.

1
2·

0.
01

35
5

0.
15

12
.3

22
10

.9
 ±

 3
5.

8
23

69
 ±

 1
8

7
8.

58
 ±

 2
.2

0.
40

91
 ±

 1
.9

0.
87

6
8.

2
2‡

0.
02

14
1

66
0.

48
79

.5
32

55
.8

 ±
 4

4.
2

33
66

 ±
 6

3
25

.4
2 

± 
1.

8
0.

65
71

 ±
 1

.7
0.

97
4

9.
1

3‡
0.

02
21

9
26

0.
12

11
9.

4
31

67
 ±

 4
3.

2
32

72
 ±

 7
3

23
.1

1 
± 

1.
8

0.
63

44
 ±

 1
.7

0.
96

4
10

.1
2‡

0.
01

58
0

17
1

0.
3

30
0.

6
30

44
.9

 ±
 4

1.
3

32
23

 ±
 4

6
21

.3
2 

± 
1.

7
0.

60
37

 ±
 1

.7
0.

99
11

.1
5

0.
01

47
0

19
2

0.
42

26
9

32
88

.4
 ±

 4
3.

9
33

25
 ±

 3
1

25
.0

7 
± 

1.
7

0.
66

55
 ±

 1
.7

0.
99

2
8‡

 „
ÌÂ

ÈÒ
Ó‚

Ë‰
Ì˚

È 
·Ë

ÓÚ
ËÚ

Ó‚
˚

È 
„

‡Ì
ËÚ

1.
1

3‡
0.

01
12

7
94

0.
77

71
.7

32
46

.3
 ±

 4
9.

6
33

07
 ±

 1
2

2
24

.3
9 

± 
2.

1
0.

65
46

 ±
 1

.9
0.

92
9

2.
1

2‡
0.

2
11

3
11

7
1.

07
61

.1
31

37
.5

 ±
 4

8.
8

32
77

 ±
 1

1
4

22
.9

1 
± 

2.
1

0.
62

7 
± 

2
0.

94
6

3.
1

3‡
0.

07
90

2
10

7
0.

12
28

7
20

30
.6

 ±
 3

2.
2

27
44

 ±
 6

26
9.

71
 ±

 1
.9

0.
37

03
 ±

 1
.8

0.
98

2
3.

2
3‡

0.
06

18
9

24
5

1.
34

10
4.

4
32

05
 ±

 4
9.

1
33

22
 ±

 8
4

24
.2

2 
± 

2
0.

64
41

 ±
 1

.9
0.

96
6

4.
1

2‡
0.

09
14

3
17

4
1.

26
79

.6
32

21
.2

 ±
 4

9.
4

33
53

 ±
 9

4
24

.8
7 

± 
2

0.
64

82
 ±

 2
0.

95
7

4.
2

2·
0.

08
27

5
46

0.
17

12
4.

9
27

32
.5

 ±
 4

1.
8

27
16

 ±
 9

–1
13

.6
1 

± 
1.

9
0.

52
79

 ±
 1

.9
0.

96
4

5.
1

3‡
0

11
7

16
2

1.
43

67
.4

33
12

.6
 ±

 5
0.

5
33

46
 ±

 9
1

25
.6

5 
± 

2
0.

67
18

 ±
 1

.9
0.

95
7

5.
2

3·
0

25
3

34
0.

14
13

1.
5

30
46

 ±
 4

6
31

91
 ±

 1
3

5
20

.9
 ±

 2
.1

0.
60

4 
± 

1.
9

0.
91

5
6.

1
2·

0.
17

23
9

32
0.

14
10

1.
4

25
82

.9
 ±

 4
0.

6
26

06
 ±

 1
1

1
11

.8
9 

± 
2

0.
49

28
 ±

 1
.9

0.
94

6
6.

2
2‡

0.
02

20
2

23
7

1.
22

11
4

32
61

.3
 ±

 4
8.

6
33

23
 ±

 7
2

24
.7

9 
± 

2
0.

65
85

 ±
 1

.9
0.

97
1

6.
3

2‡
0.

16
68

7
18

3
0.

28
22

0
20

40
.8

 ±
 3

2.
2

27
47

 ±
 7

26
9.

78
 ±

 1
.9

0.
37

24
 ±

 1
.8

0.
97

8
7.

1
4‡

–0
.0

3
15

7
12

9
0.

85
80

.5
30

12
.7

 ±
 5

6
31

50
 ±

 1
7

4
20

.0
9 

± 
2.

6
0.

59
57

 ±
 2

.3
0.

90
7

7.
1‡

1‡
0.

19
16

2
35

0.
22

72
.5

27
03

 ±
 4

2.
1

30
94

 ±
 1

1
13

16
.9

6 
± 

2
0.

52
09

 ±
 1

.9
0.

94
4

8.
1

2‡
0

12
9

11
9

0.
95

75
.4

33
40

.2
 ±

 5
0.

5
33

34
 ±

 9
0

25
.7

3 
± 

2
0.

67
89

 ±
 1

.9
0.

96
1

9.
1

1‡
0.

01
56

0
50

2
0.

93
27

4.
7

29
10

 ±
 4

3.
2

31
02

 ±
 6

6
18

.6
7 

± 
1.

9
0.

57
05

 ±
 1

.8
0.

97
6

10
.1

1·
0.

01
19

9
32

0.
17

85
.8

26
25

.6
 ±

 4
1.

1
26

93
 ±

 1
9

3
12

.7
9 

± 
2.

2
0.

50
28

 ±
 1

.9
0.

86
1



ëíêÄíàÉêÄîàü. ÉÖéãéÉàóÖëäÄü äéêêÖãüñàü      ÚÓÏ 17      ‹ 4      2009

ÉãÄÇçõÖ ùíÄèõ îéêåàêéÇÄçàü èÄãÖéÄêïÖâëäéâ äéêõ 11
í

‡
·

Î
Ë

ˆ
‡
 1

.  
è

Ó
‰Ó

ÎÊ
ÂÌ

ËÂ

ç
ÓÏ

Â
 

ÚÓ
˜Í

Ë
å

Ó
-

Ù
ÓÚ

ËÔ

é
·˚

ÍÌ
Ó-

‚Â
ÌÌ

˚
È 

20
6 Pb

,%

U
,

Ï
Í„

/„
T

h,
Ï

Í„
/„

T
h/

U
ê

‡‰
ËÓ

„Â
Ì-

Ì˚
È 

20
6 Pb

, 
Ï

Í„
/„

Ç
ÓÁ

‡
ÒÚ

, Ï
ÎÌ

. Î
ÂÚ

ë
ÚÂ

ÔÂ
Ì¸

‰Ë
ÒÍ

Ó
‰‡

ÌÚ
-

ÌÓ
ÒÚ

Ë,
 %

à
ÁÓ

ÚÓ
ÔÌ

˚
Â 

ÓÚ
ÌÓ

¯
ÂÌ

Ëfl
 (

Ò 
ÍÓ


ÂÍ

ˆË
ÂÈ

Ì‡
 Ó

·˚
ÍÌ

Ó‚
ÂÌ

Ì˚
È 

Ò‚
ËÌ

Âˆ
 Ô

Ó 
20

4 Pb
)

20
6 Pb

/23
8 U

20
7 Pb

/20
6 Pb

20
7 Pb

/23
5 U

20
6 Pb

/23
8 U

ÍÓ
˝Ù

Ù
Ëˆ

ËÂ
ÌÚ

 
ÍÓ


ÂÎ

flˆ
ËË

11
.1

1·
0.

03
18

4
36

0.
2

83
.5

27
27

.5
 ±

 4
2.

5
27

18
 ±

 1
2

0
13

.5
9 

± 
2.

1
0.

52
67

 ±
 1

.9
0.

93
1

11
.2

1‡
0

46
8

11
7

0.
26

20
9.

1
27

00
.9

 ±
 4

1.
2

30
45

 ±
 1

2
11

16
.4

3 
± 

2
0.

52
04

 ±
 1

.9
0.

92
8

12
.1

4·
0.

28
35

2
31

0.
09

15
5.

9
26

73
.2

 ±
 4

0.
9

28
26

 ±
 9

5
14

.1
7 

± 
1.

9
0.

51
39

 ±
 1

.9
0.

96
2

13
.1

2·
0.

05
23

7
40

0.
17

10
4.

2
26

61
.4

 ±
 4

1.
5

27
04

 ±
 9

2
13

.0
9 

± 
2

0.
51

11
 ±

 1
.9

0.
96

2
14

.1
2·

0.
02

19
8

32
0.

17
90

.2
27

40
.5

 ±
 4

2.
4

27
16

 ±
 1

0
–1

13
.6

6 
± 

2
0.

52
98

 ±
 1

.9
0.

95
5

15
.1

1‡
0.

45
24

8
17

6
0.

73
10

7.
1

26
34

.6
 ±

 3
6.

0
32

08
 ±

 1
6

23
17

.6
6 

± 
1.

9
0.

50
49

 ±
 1

.7
0.

86
0

15
.2

1‡
1.

72
72

0
96

0.
14

16
5.

1
15

13
.5

 ±
 2

1.
9

26
73

 ±
 3

2
78

6.
65

 ±
 2

.5
0.

26
46

 ±
 1

.6
0.

64
8

15
.3

1‡
0.

62
87

64
0.

76
41

.6
28

66
.6

 ±
 4

1.
2

32
37

 ±
 2

0
14

19
.9

5 
± 

2.
2

0.
56

00
 ±

 1
.8

0.
81

3
16

.1
1‡

0.
08

72
1

16
2

0.
23

22
1.

4
19

81
.9

 ±
 2

6.
5

27
97

 ±
 1

4
42

9.
75

 ±
 1

.8
0.

35
99

 ±
 1

.6
0.

87
2

16
.2

1‡
0.

14
11

7
10

4
0.

92
57

.8
29

44
.9

 ±
 3

8.
4

31
54

 ±
 1

0
8

19
.5

7 
± 

1.
7

0.
57

90
 ±

 1
.6

0.
93

1
16

.3
1·

0.
15

30
7

47
0.

16
13

9.
2

27
45

.1
 ±

 3
5.

0
27

41
 ±

 1
9

1
13

.9
0 

± 
2.

0
0.

53
09

 ±
 1

.6
0.

80
2

17
.1

1‡
0.

65
31

9
32

5
1.

05
13

3.
6

25
64

.7
 ±

 3
6.

9
30

72
 ±

 2
0

21
15

.6
9 

± 
2.

1
0.

48
86

 ±
 1

.7
0.

81
3

10
· 

·Ë
ÓÚ

ËÚ
Ó‚

˚
È 

„Ì
ÂÈ

Ò
1.

1
2‡

0
28

0
23

5
0.

87
15

7.
7

32
52

.5
 ±

 4
1.

9
32

61
 ±

 6
0

23
.7

4 
± 

1.
7

0.
65

62
 ±

 1
.6

0.
97

3
2.

1
1‡

0.
09

45
3

6
0.

01
13

8.
2

19
57

.3
 ±

 2
7.

6
18

76
 ±

 1
1

–
4

5.
61

 ±
 1

.7
0.

35
48

 ±
 1

.6
0.

93
7

3.
1

2‡
0.

25
69

3
39

6
0.

59
28

2.
6

24
96

 ±
 3

2.
5

27
27

 ±
 7

9
12

.2
7 

± 
1.

6
0.

47
28

 ±
 1

.6
0.

96
8

4.
1

2‡
0

27
9

15
5

0.
58

16
1.

5
33

27
.2

 ±
 4

2.
6

32
47

 ±
 6

–2
24

.2
1 

± 
1.

7
0.

67
55

 ±
 1

.6
0.

97
2

5.
1

3‡
0.

45
47

4
11

9
0.

26
23

1.
7

28
90

.2
 ±

 3
7.

7
30

66
 ±

 1
1

6
18

.1
 ±

 1
.8

0.
56

57
 ±

 1
.6

0.
91

7
6.

1
2‡

0.
18

35
0

14
5

0.
43

16
2.

8
27

86
 ±

 4
5.

4
30

44
 ±

 7
9

17
.0

6 
± 

2.
1

0.
54

06
 ±

 2
0.

97
5

7.
1

3‡
0.

09
26

3
14

1
0.

56
14

2.
4

31
47

.8
 ±

 4
1.

1
32

37
 ±

 7
3

22
.4

2 
± 

1.
7

0.
62

95
 ±

 1
.7

0.
96

5
8.

1
5

0.
12

39
5

6
0.

01
11

9.
4

19
39

.4
 ±

 2
7.

1
18

62
 ±

 1
8

–
4

5.
51

 ±
 1

.9
0.

35
1 

± 
1.

6
0.

85
7

9.
1

1‡
0.

14
12

1
11

4
0.

97
70

.7
33

34
.2

 ±
 4

7
32

82
 ±

 1
0

–2
24

.8
3 

± 
1.

9
0.

67
74

 ±
 1

.8
0.

93
8

10
.1

2‡
0.

08
38

6
65

0.
17

17
8.

3
27

70
.8

 ±
 3

6.
3

29
36

 ±
 7

6
15

.8
4 

± 
1.

7
0.

53
7 

± 
1.

6
0.

96
6

11
.1

1‡
0.

03
56

4
35

5
0.

65
29

8.
3

30
90

.2
 ±

 3
8.

8
31

61
 ±

 5
2

20
.8

9 
± 

1.
6

0.
61

51
 ±

 1
.6

0.
98

2
12

.1
1‡

0.
37

60
1

19
1

0.
33

28
4.

8
28

20
.5

 ±
 3

6.
8

29
98

 ±
 7

6
16

.8
3 

± 
1.

7
0.

54
89

 ±
 1

.6
0.

96
8

13
.1

1‡
0.

32
75

88
1.

2
44

33
38

.2
 ±

 5
3.

4
32

76
 ±

 1
5

–2
24

.7
7 

± 
2.

3
0.

67
84

 ±
 2

0.
90

6
14

.1
1‡

0.
05

36
4

40
7

1.
16

18
3.

8
29

77
.2

 ±
 3

8.
6

31
53

 ±
 6

6
19

.8
3 

± 
1.

7
0.

58
7 

± 
1.

6
0.

97
3

10
‡ 

·Ë
ÓÚ

ËÚ
Ó‚

˚
È 

„Ì
ÂÈ

Ò 
„

‡Ì
‡Ú

ÒÓ
‰Â

Ê
‡˘

ËÈ
1.

1
2‡

0.
06

12
70

23
3

0.
19

44
3.

1
21

95
.5

 ±
 2

8.
7

28
81

 ±
 4

31
11

.5
7 

± 
1.

6
0.

40
58

 ±
 1

.5
0.

98
5

2.
1

2‡
0.

06
61

9
46

1
0.

77
35

0.
7

32
64

.2
 ±

 4
0.

3
32

50
 ±

 4
0

23
.6

8 
± 

1.
6

0.
65

92
 ±

 1
.6

0.
98

4
3.

1
1‡

0.
1

16
16

24
2

0.
15

42
3.

1
17

13
.3

 ±
 2

3.
2

24
76

 ±
 5

45
6.

8 
± 

1.
6

0.
30

44
 ±

 1
.5

0.
97

9
4.

1
3‡

0.
25

17
12

21
1

0.
13

35
5.

9
13

92
.6

 ±
 1

9.
3

21
64

 ±
 1

5
55

4.
49

 ±
 1

.8
0.

24
11

 ±
 1

.5
0.

86
9

6.
1

1‡
0.

51
22

11
32

0.
01

46
6.

7
14

07
.8

 ±
 1

9.
5

21
68

 ±
 1

0
54

4.
55

 ±
 1

.7
0.

24
41

 ±
 1

.5
0.

93
7

7.
1

2‡
0.

04
10

62
96

0.
09

50
6.

2
28

43
.2

 ±
 3

6
30

74
 ±

 5
8

17
.8

2 
± 

1.
6

0.
55

43
 ±

 1
.6

0.
98

3
8.

1
1·

0.
29

22
86

27
0.

01
41

1.
7

12
23

 ±
 1

7.
1

20
32

 ±
 8

66
3.

61
 ±

 1
.6

0.
20

89
 ±

 1
.5

0.
95

8



12

ëíêÄíàÉêÄîàü. ÉÖéãéÉàóÖëäÄü äéêêÖãüñàü      ÚÓÏ 17      ‹ 4      2009

äÛÁ¸ÏËÌ Ë ‰.
í

‡
·

Î
Ë

ˆ
‡
 1

.  
é

ÍÓ
Ì˜

‡Ì
ËÂ

ç
ÓÏ

Â
 

ÚÓ
˜Í

Ë
å

Ó
-

Ù
ÓÚ

ËÔ

é
·˚

ÍÌ
Ó-

‚Â
ÌÌ

˚
È 

20
6 Pb

,%

U
,

Ï
Í„

/„
T

h,
Ï

Í„
/„

T
h/

U
ê

‡‰
ËÓ

„Â
Ì-

Ì˚
È 

20
6 Pb

, 
Ï

Í„
/„

Ç
ÓÁ

‡
ÒÚ

, Ï
ÎÌ

. Î
ÂÚ

ë
ÚÂ

ÔÂ
Ì¸

‰Ë
ÒÍ

Ó
‰‡

ÌÚ
-

ÌÓ
ÒÚ

Ë,
 %

à
ÁÓ

ÚÓ
ÔÌ

˚
Â 

ÓÚ
ÌÓ

¯
ÂÌ

Ëfl
 (

Ò 
ÍÓ


ÂÍ

ˆË
ÂÈ

Ì‡
 Ó

·˚
ÍÌ

Ó‚
ÂÌ

Ì˚
È 

Ò‚
ËÌ

Âˆ
 Ô

Ó 
20

4 Pb
)

20
6 Pb

/23
8 U

20
7 Pb

/20
6 Pb

20
7 Pb

/23
5 U

20
6 Pb

/23
8 U

ÍÓ
˝Ù

Ù
Ëˆ

ËÂ
ÌÚ

 
ÍÓ


ÂÎ

flˆ
ËË

29
4Ô

 Ï
Ë„

Ï
‡Ú

ËÁ
Ë

Ó‚
‡Ì

Ì˚
È 

„
‡Ì

‡Ú
Ó‚

˚
È 

‡Ï
Ù

Ë·
ÓÎ

ËÚ
1.

1
3‡

0.
1

23
18

67
0.

03
63

6.
5

17
86

.6
 ±

 2
8.

5
18

95
 ±

 6
6

5.
11

 ±
 1

.9
0.

31
94

 ±
 1

.8
0.

98
6

2.
1

3‡
0.

05
11

32
18

0.
02

31
1.

1
17

87
.9

 ±
 2

8.
7

19
11

 ±
 7

6
5.

16
 ±

 1
.9

0.
31

96
 ±

 1
.8

0.
97

5
3.

1
3‡

0.
55

26
1

0.
05

7.
5

18
80

.1
 ±

 4
2.

7
19

82
 ±

 9
1

5
5.

68
 ±

 5
.7

0.
33

86
 ±

 2
.6

0.
45

7
4.

1
3‡

0.
1

34
3

12
6

0.
38

97
.5

18
41

.3
 ±

 3
0.

1
19

13
 ±

 1
3

4
5.

34
 ±

 2
0.

33
06

 ±
 1

.9
0.

92
9

5.
1

3‡
0.

27
70

0
0

20
.9

19
08

.2
 ±

 3
5.

2
19

06
 ±

 3
4

0
5.

54
 ±

 2
.8

0.
34

45
 ±

 2
.1

0.
75

1
5.

2
3‡

0
25

0
0.

01
7.

2
18

68
.1

 ±
 4

2.
4

20
55

 ±
 5

1
9

5.
88

 ±
 3

.9
0.

33
61

 ±
 2

.6
0.

66
9

6.
1

1‡
0.

13
56

0
0.

01
16

.5
19

08
.6

 ±
 3

6.
5

19
59

 ±
 3

4
3

5.
71

 ±
 2

.9
0.

34
46

 ±
 2

.2
0.

76
2

6.
2

1·
0.

54
97

5
26

0.
03

18
5.

4
12

82
.2

 ±
 2

1.
5

18
15

 ±
 1

9
29

3.
37

 ±
 2

.1
0.

22
01

 ±
 1

.9
0.

87
7.

1
2‡

0.
12

26
2

2
0.

01
75

.8
18

68
.2

 ±
 3

1.
4

19
09

 ±
 1

8
2

5.
42

 ±
 2

.2
0.

33
62

 ±
 1

.9
0.

88
7

7.
2

2·
0.

03
78

2
13

0.
02

22
8.

4
18

85
.4

 ±
 3

0.
3

19
24

 ±
 9

2
5.

52
 ±

 1
.9

0.
33

97
 ±

 1
.9

0.
96

2
8.

1
4‡

0
10

36
20

0.
02

30
2.

2
18

83
.9

 ±
 3

0.
1

19
18

 ±
 1

0
2

5.
5 

± 
1.

9
0.

33
94

 ±
 1

.8
0.

95
9

56
5Ê

 Ï
ÂÁ

ÓÍ
‡

ÚÓ
‚˚

È 
„

‡Ì
‡Ú

-·
ËÓ

ÚË
ÚÓ

‚˚
È 

ÔÎ
‡„

ËÓ
„Ì

ÂÈ
Ò 

1.
1

1‡
0.

09
81

6
25

0.
03

23
4.

7
18

60
 ±

 1
6

19
20

 ±
 1

5
3

5.
42

 ±
 1

.3
0.

33
45

 ±
 1

0.
75

8
1.

2
1·

0
86

4
40

6
0.

49
27

1.
3

20
08

 ±
 1

4
19

75
 ±

 1
4

–2
6.

11
 ±

 1
.1

0.
36

55
 ±

 0
.8

0.
73

2.
1

1‡
0.

52
12

36
51

0.
04

27
3.

2
14

69
 ±

 1
1

18
24

 ±
 2

1
24

3.
93

 ±
 1

.5
0.

25
59

 ±
 0

.9
0.

58
5

3.
1

1·
0.

23
20

12
18

0.
01

49
4

16
17

 ±
 9

18
72

 ±
 1

2
16

4.
5 

± 
0.

9
0.

28
51

 ±
 0

.6
0.

67
4.

1
3‡

0.
27

11
87

68
0

0.
59

36
3.

5
19

61
 ±

 1
3

19
59

 ±
 1

5
0

5.
89

 ±
 1

.1
0.

35
56

 ±
 0

.7
0.

65
9

5.
1

2‡
0.

75
24

56
81

0.
03

42
8.

2
11

83
 ±

 7
16

76
 ±

 2
3

42
2.

86
 ±

 1
.4

0.
20

14
 ±

 0
.6

0.
44

4
6.

1
1·

0.
1

15
48

49
0.

03
44

6.
6

18
65

 ±
 1

1
19

16
 ±

 1
2

3
5.

43
 ±

 0
.9

0.
33

54
 ±

 0
.7

0.
70

6
6.

2
1‡

0.
87

33
0

14
6

0.
46

10
0.

4
19

41
 ±

 2
0

19
65

 ±
 3

2
1

5.
84

 ±
 2

.2
0.

35
13

 ±
 1

.2
0.

55
5

7.
1

3‡
0

12
57

48
0.

04
37

3.
6

19
15

 ±
 1

2
19

74
 ±

 1
1

3
5.

78
 ±

 0
.9

0.
34

58
 ±

 0
.7

0.
74

1
8.

1
4‡

0.
2

73
4

98
0.

14
23

2.
5

20
19

 ±
 1

5
20

23
 ±

 2
4

0
6.

32
 ±

 1
.6

0.
36

78
 ±

 0
.9

0.
55

3
9.

1
4‡

0.
09

16
96

48
0.

03
46

7.
6

17
92

 ±
 1

0
18

90
 ±

 1
5

5
5.

11
 ±

 1
0.

32
05

 ±
 0

.6
0.

62
4

10
.1

3‡
0

10
33

33
0.

03
30

7.
1

19
15

 ±
 1

4
19

56
 ±

 1
3

2
5.

72
 ±

 1
.1

0.
34

6 
± 

0.
9

0.
77

5
47

9Ê
 ˝

ÍÎ
Ó„

ËÚ
ÓË

‰
1.

1
5‡

0.
19

68
4

17
0.

03
19

2.
2

18
20

.2
 ±

 3
0.

9
18

59
 ±

 1
1

2
5.

11
 ±

 2
0.

32
63

 ±
 2

0.
95

3
2.

1
3‡

0.
03

61
8

15
0.

02
17

6.
8

18
52

.4
 ±

 2
9.

7
18

26
 ±

 1
0

–1
5.

12
 ±

 1
.9

0.
33

29
 ±

 1
.8

0.
96

1
3.

2
3‡

0.
1

90
9

22
0.

03
22

6.
1

16
37

.1
 ±

 2
6.

7
18

13
 ±

 1
0

10
4.

42
 ±

 1
.9

0.
28

91
 ±

 1
.9

0.
96

2
4.

1
3‡

0.
02

95
6

24
0.

03
26

8.
8

18
25

.8
 ±

 2
9.

2
18

59
 ±

 7
2

5.
13

 ±
 1

.9
0.

32
74

 ±
 1

.8
0.

97
6

5.
1

5‡
0.

02
10

04
33

0.
03

28
0.

3
18

14
.3

 ±
 2

9
18

61
 ±

 7
3

5.
1 

± 
1.

9
0.

32
5 

± 
1.

8
0.

97
6

6.
1

4‡
0.

04
10

18
35

0.
04

28
9.

9
18

45
.1

 ±
 2

9.
8

18
60

 ±
 8

1
5.

2 
± 

1.
9

0.
33

14
 ±

 1
.9

0.
97

6
7.

1
5‡

0
97

6
40

0.
04

27
9.

7
18

56
.7

 ±
 2

9.
6

18
57

 ±
 7

0
5.

23
 ±

 1
.9

0.
33

38
 ±

 1
.8

0.
97

7
è

Ë
Ï

Â˜
‡Ì

ËÂ
. Ç

 Ì
ÓÏ

Â
Â 

ÚÓ
˜Í

Ë 
‡Ì

‡Î
ËÁ

‡ 
ÔÂ

‚
‡fl

 ˆ
ËÙ

‡
 Ó

ÁÌ
‡˜

‡Â
Ú 

ÌÓ
Ï

Â
 Á

Â
Ì‡

.



ëíêÄíàÉêÄîàü. ÉÖéãéÉàóÖëäÄü äéêêÖãüñàü      ÚÓÏ 17      ‹ 4      2009

ÉãÄÇçõÖ ùíÄèõ îéêåàêéÇÄçàü èÄãÖéÄêïÖâëäéâ äéêõ 13

ÌËı ‚ÓÁ‰ÂÈÒÚ‚Ëflı. ÇÒÂ ‚ÓÒÂÏ¸ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı
ÚÓ˜ÂÍ Ó·‡ÁÛ˛Ú ‰ËÒÍÓ‰Ë˛, ÍÓÚÓ‡fl ‰‡ÂÚ ‚ÂıÌÂÂ
ÔÂÂÒÂ˜ÂÌËÂ Ò ÍÓÌÍÓ‰ËÂÈ ·ÎËÁ ÚÓ˜ÍË 16.2, ËÏÂ˛-
˘ÂÈ ÍÓÌÍÓ‰‡ÌÚÌ˚È ‚ÓÁ‡ÒÚ 3333 ÏÎÌ. ÎÂÚ, Ë ÌËÊ-
ÌÂÂ, ÓÚ‚Â˜‡˛˘ÂÂ ‚ÓÁ‡ÒÚÛ 737 ± 97, ÔË ëäÇé = 58.
èËÏÂ˜‡ÚÂÎ¸ÌÓ, ˜ÚÓ ‰‚‡ ËÁ ˝ÚËı ÓÔÂ‰ÂÎÂÌËÈ ÔÓ-
ÎÛ˜ÂÌ˚ ËÁ Ó‰ÌÓ„Ó ÁÓÌ‡Î¸ÌÓ„Ó ÁÂÌ‡ (Ú‡·Î. 1, ÚÓ˜-
ÍË 1.1, 1.2). íÂÍÚÓÌÓÚÂÏ‡Î¸ÌÓÂ ÒÓ·˚ÚËÂ Ò ‚ÓÁ‡Ò-
ÚÓÏ 737 ± 97 ÏÎÌ. ÎÂÚ, ‚ÂÓflÚÌÓ, ÓÍ‡Á‡ÎÓ ÒÚÓÎ¸
ÒËÎ¸ÌÓÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ Ì‡ U-Pb ËÁÓÚÓÔÌÛ˛ ÒËÒÚÂÏÛ
‡ıÂÈÒÍËı ˆËÍÓÌÓ‚, ˜ÚÓ ‚ÂıÌÂÂ ÔÂÂÒÂ˜ÂÌËÂ
‰ËÒÍÓ‰ËË Ò ÍÓÌÍÓ‰ËÂÈ ÓÚ‡Ê‡ÂÚ ÌÂ ‚ÓÁ‡ÒÚ Ó·-
‡ÁÓ‚‡ÌËfl ˆËÍÓÌÓ‚, ‡ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ·ÓÎÂÂ ‡Ì-
ÌÂÏÛ Ë ‰Ó‚ÓÎ¸ÌÓ ÒËÎ¸ÌÓÏÛ ÒÓ·˚ÚË˛, ÔÓËÁÓ¯Â‰-
¯ÂÏÛ 3.3 ÏÎ‰. ÎÂÚ Ì‡Á‡‰, ÍÓ„‰‡ “„ÂÓıÓÌÓÎÓ„Ë˜Â-
ÒÍËÂ ˜‡Ò˚” ‰Îfl ˝ÚËı ˆËÍÓÌÓ‚ “·˚ÎË Á‡ÔÛ˘ÂÌ˚
Á‡ÌÓ‚Ó”. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ˆËÍÓÌ˚ ‚ÚÓÓÈ „ÛÔ-
Ô˚, ÒÍÓÂÂ ‚ÒÂ„Ó, fl‚Îfl˛ÚÒfl ÌÂ Ò‡ÏÓÒÚÓflÚÂÎ¸ÌÓÈ
„ÂÌÂ‡ˆËÂÈ, ‡ ËÌÚÂÌÒË‚ÌÓ ÔÂÓ·‡ÁÓ‚‡ÌÌ˚ÏË Ô‡-
ÎÂÓ‡ıÂÈÒÍËÏË ˆËÍÓÌ‡ÏË Ò Ò‡Ï˚ÏË ‚˚ÒÓÍËÏË
ÒÓ‰ÂÊ‡ÌËflÏË Û‡Ì‡ Ë ÌËÁÍËÏË ÚÓËÈ-Û‡ÌÓ‚˚ÏË
ÓÚÌÓ¯ÂÌËflÏË. èËÌ‡‰ÎÂÊÌÓÒÚ¸ ÏÛÚÌ˚ı ˆËÍÓ-
ÌÓ‚ Í ÔÂ‚ÓÈ „ÛÔÔÂ ÔÓ‰Ú‚ÂÊ‰‡ÂÚÒfl ÚÂÏ, ˜ÚÓ Ë ‚
Ó‰ÌÓÏ ËÁ Ú‡ÍËı ÁÂÂÌ ÔÓÎÛ˜ÂÌ˚ ÁÌ‡˜ÂÌËfl ‚ÓÁ‡Ò-
Ú‡ 2972 + 5 ÏÎÌ. ÎÂÚ ÔÓ ÔÂËÙÂËË (Ú‡·Î. 1, ÚÓ˜Í‡
2.1) Ë 3686 ± 4 ÏÎÌ. ÎÂÚ ‚ fl‰Â (Ú‡·Î. 1, ÚÓ˜Í‡ 2.2).

ÑÎfl ·ÓÎÂÂ Û‚ÂÂÌÌÓ„Ó Á‡ÍÎ˛˜ÂÌËfl Ó ‚ÂÏÂÌË
ÒÚ‡ÌÓ‚ÎÂÌËfl Ë ˝‚ÓÎ˛ˆËË „‡ÌÛÎËÚÓ‚ ·˚Î ÔÓ‚Â-
‰ÂÌ Sm-Nd ËÁÓÚÓÔÌ˚È ‡Ì‡ÎËÁ ‚‡ÎÓ‚ÓÈ ÔÓ·˚

294Í. êÂÁÛÎ¸Ú‡Ú˚ Sm-Nd ËÒÒÎÂ‰Ó‚‡ÌËÈ ÌÂ ÔÓÚË-
‚ÓÂ˜‡Ú ‚˚¯ÂËÁÎÓÊÂÌÌ˚Ï ‚˚‚Ó‰‡Ï: ‰Îfl ‚‡ÎÓ‚ÓÈ
ÔÓ·˚ „‡ÌÛÎËÚÓ‚ (ÔÓ·‡ 294Í) ÔÓÎÛ˜ÂÌ ÏÓ‰ÂÎ¸-
Ì˚È ‚ÓÁ‡ÒÚ 3696 ÏÎÌ. ÎÂÚ (Ú‡·Î. 2).

Ç ‰ËÓÔÒË‰-ÔÎ‡„ËÓÍÎ‡Á-Ó„Ó‚ÓÓ·Ï‡ÌÍÓ‚˚ı ‡Ï-
ÙË·ÓÎËÚ‡ı (ÔÓ·‡ 133‚) ÔÂÓ·Î‡‰‡˛Ú Ò‚ÂÚÎÓ-Ó-
ÁÓ‚˚Â Ë ‚Ë¯ÌÂ‚˚Â ‰ÎËÌÌÓÔËÁÏ‡ÚË˜ÂÒÍËÂ ˆËÍÓ-
Ì˚ (45%), ˝ÎÎËÔÒÓË‰‡Î¸Ì˚Â Ë ¯‡ÓÓ·‡ÁÌ˚Â ÁÂ-
Ì‡ ÒÓÒÚ‡‚Îfl˛Ú 30 Ë 25% ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. ê‡ÁÏÂ
ˆËÍÓÌÓ‚ ‚‡¸ËÛÂÚ ÓÚ 50 ‰Ó 380 ÏÍÏ, KÛ = 1.0–4.2.
ÇÌÛÚÂÌÌÂÂ ÒÚÓÂÌËÂ ‚ÒÂı ÏÓÙÓÚËÔÓ‚ ˆËÍÓÌ‡
ı‡‡ÍÚÂËÁÛÂÚÒfl ÔËÒÛÚÒÚ‚ËÂÏ fl‰‡, ÒÓÒÚ‡‚Îfl˛-
˘Â„Ó ‰Ó 70–80% ÓÚ Ó·˙ÂÏ‡ ÁÂÌ‡, Ë ÓÍÛÊ‡˛˘ÂÈ
Â„Ó ¯ËÓÍÓÈ ·ÂÎÓÈ ËÎË ÒÂÓÈ ‚ äã Ó·ÓÎÓ˜ÍÓÈ
(ËÒ. 2). ç‡Ë·ÓÎÂÂ ̃ ‡ÒÚÓ Ì‡·Î˛‰‡˛ÚÒfl Ë‰ËÓÏÓÙ-
Ì˚Â fl‰‡ ÔÓÒÚÓ„Ó ÒÎÓÊÂÌËfl, ÔËÁÏ‡ÚË˜ÂÒÍÓ„Ó „‡-
·ËÚÛÒ‡ Ò ‰ËÔË‡ÏË‰‡Î¸Ì˚ÏË ‚Â¯ËÌ‡ÏË Ë Ô‡‚ËÎ¸-
ÌÓÈ ÚÓÌÍÓÈ ËÚÏË˜ÂÒÍÓÈ ÁÓÌ‡Î¸ÌÓÒÚ¸˛ (Ú‡·Î. 1,
ÁÂÌÓ 1). àÁÂ‰Í‡ ‚ fl‰‡ı Ì‡·Î˛‰‡ÂÚÒfl ÒÏÂÌ‡ ‰Ó-
ÏËÌËÛ˛˘Ëı ÔËÁÏ‡ÚË˜ÂÒÍËı „‡ÌÂÈ Ì‡ ‰ËÔË‡-
ÏË‰‡Î¸Ì˚Â Ë Á‡ÚÂÏ ‚ÌÓ‚¸ Ì‡ ÔËÁÏ‡ÚË˜ÂÒÍËÂ,
ÔË˜ÂÏ „‡ÌËˆ˚ ÁÓÌ Ó·Î‡‰‡˛Ú ÂÁÍËÏ Ë‰ËÓÏÓ-
ÙËÁÏÓÏ Ë ËÏÂ˛Ú ÙÓÏÛ Ë‰Â‡Î¸Ì˚ı ÍËÒÚ‡ÎÎÓ‚ Ò
ÓÒÚ˚ÏË Â·‡ÏË Ë ‚Â¯ËÌ‡ÏË. ÑÎfl ˝ÎÎËÔÒÓË-
‰‡Î¸Ì˚ı ˆËÍÓÌÓ‚ ·ÓÎÂÂ ı‡‡ÍÚÂÌ˚ fl‰‡ ÌÂ Ò
‰ËÔË‡ÏË‰‡Î¸Ì˚ÏË, ‡ Ò Á‡ÍÛ„ÎÂÌÌ˚ÏË ‚Â¯ËÌ‡-
ÏË, ‚ ÍÓÚÓ˚ı ÚÓÌÍ‡fl ËÚÏË˜ÂÒÍ‡fl ÁÓÌ‡Î¸ÌÓÒÚ¸
ÔÓ‰˜ÂÍË‚‡ÂÚ ‚ÌÂ¯Ì˛˛ ÙÓÏÛ fl‰‡. êÂÊÂ Ì‡-
·Î˛‰‡˛ÚÒfl fl‰‡ ÒÎÓÊÌÓ„Ó ÒÚÓÂÌËfl Ò ÌÂËÁÏÂÌÂÌ-

í‡·ÎËˆ‡ 2.  Sm-Nd ËÁÓÚÓÔÌ˚Â ‰‡ÌÌ˚Â ‰Îfl ‚‡ÎÓ‚˚ı ÔÓ· ÏÂÚ‡ÏÓÙË˜ÂÒÍËı ÔÓÓ‰ äÛıÚÛÈÒÍÓ„Ó ‚˚ÒÚÛÔ‡

çÓÏÂ 
ÔÓ·˚ èÓÓ‰‡ ÇÓÁ‡ÒÚ, 

ÏÎÌ. ÎÂÚ
Sm,

ÏÍ„/„
Nd,

ÏÍ„/„
147Sm/144Nd 143Nd/144Nd Err εNd(0) εNd(T) TNd(DM), 

ÏÎÌ. ÎÂÚ
TNd (DM-2st), 

ÏÎÌ. ÎÂÚ 

294Í É‡ÌÛÎËÚ „Ë-
ÔÂÒÚÂÌ-ÔÎ‡-
„ËÓÍÎ‡ÁÓ‚˚È

3300 8.128 44.96 0.1093 0.510597 3 –39.81 –2.64 3696 3741

87‡ èÎ‡„ËÓ„ÌÂÈÒ 
„‡Ì‡Ú-·ËÓ-
ÚËÚÓ‚˚È ÏÂ-
ÁÓÍ‡ÚÓ‚˚È

3300 5.899 33.67 0.1059 0.510549 5 –40.75 –2.13 3647 3699

207Î èÎ‡„ËÓ„ÌÂÈÒ 
„‡Ì‡Ú-·ËÓ-
ÚËÚÓ‚˚È ÏÂ-
ÁÓÍ‡ÚÓ‚˚È

3300 5.189 29.79 0.1053 0.510513 3 –41.45 –2.58 3677 3735

223 ÉÌÂÈÒÓ‚Ë‰-
Ì˚È „‡ÌËÚ 
·ËÓÚËÚÓ‚˚È

3300 1.386 11.76 0.0712 0.509865 3 –54.09 –0.69 3486 3583

8‡ ÉÌÂÈÒÓ‚Ë‰-
Ì˚È „‡ÌËÚ 
·ËÓÚËÚÓ‚˚È

3300 1.042 8.289 0.076 0.509993 8 –51.6 –0.23 3467 3546

10‡ ÉÌÂÈÒ ·ËÓÚË-
ÚÓ‚˚È „‡Ì‡Ú-
ÒÓ‰ÂÊ‡˘ËÈ

3300 4.482 31.33 0.0865 0.510338 7 –44.87 2.05 3345 3361

294Ô ÄÏÙË·ÓÎËÚ 
„‡Ì‡ÚÓ‚˚È 
ÏË„Ï‡ÚËÁËÓ-
‚‡ÌÌ˚È

3300 4.979 26.56 0.1133 0.51099 7 –32.15 3.37 3256 3253
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äÛÁ¸ÏËÌ Ë ‰.

ÌÓÈ ˆÂÌÚ‡Î¸ÌÓÈ ˜‡ÒÚ¸˛ Ë ÓÍÛÊ‡˛˘ÂÈ ÂÂ ¯ËÓ-
ÍÓÈ Ó‰ÌÓÓ‰ÌÓÈ ÒÂÓÈ ‚ äã Í‡ÈÏÓÈ, ÔË˜ÂÏ ÙÓÏ‡
ˆÂÌÚ‡Î¸ÌÓÈ ̃ ‡ÒÚË fl‰Â ÏÓÊÂÚ ·˚Ú¸ Ë‰ËÓÏÓÙÌÓÈ,
Ó‚‡Î¸ÌÓÈ ËÎË ÓÚ˜ÂÚÎË‚Ó ÍÒÂÌÓÏÓÙÌÓÈ Ò ËÁ‚ËÎË-
ÒÚ˚ÏË Ó˜ÂÚ‡ÌËflÏË. èÂÂıÓ‰ ÓÚ fl‰‡ Í Í‡ÈÏÂ ÌÂ-
ÓÚ˜ÂÚÎË‚˚È, Â„Ó ÌÂ ‚ÒÂ„‰‡ Û‰‡ÂÚÒfl ÛÒÚ‡ÌÓ‚ËÚ¸.
àÌÓ„‰‡ ˆÂÌÚ‡Î¸Ì‡fl ˜‡ÒÚ¸ fl‰‡ ËÎË ‚ÒÂ fl‰Ó ÒÎÓ-
ÊÂÌÓ ÔÂÂÍËÒÚ‡ÎÎËÁÓ‚‡ÌÌ˚Ï ÌËÁÍÓÛ‡ÌÓ‚˚Ï
Ò‚ÂÚÎ˚Ï ‚ äã ˆËÍÓÌÓÏ (Ú‡·Î. 1, ÚÓ˜Í‡ 7.1) ËÎË
‚˚ÔÓÎÌÂÌÓ ˜ÂÌÓÈ ‚ äã ÏÂÚ‡ÏËÍÚÌÓÈ Ï‡ÒÒÓÈ ‚
‚Ë‰Â Ó‚‡Î¸Ì˚ı ËÎË ÌÂÔ‡‚ËÎ¸Ì˚ı ÙÓÏ (Ú‡·Î. 1,
ÁÂÌÓ 10). é·ÓÎÓ˜Í‡ Ó·˚˜ÌÓ ÌËÁÍÓÛ‡ÌÓ‚‡fl, ·Â-
Î‡fl ‚ äã, ÌÓ ÂÂ ÚÓÎ˘ËÌ‡ ÍÓÎÂ·ÎÂÚÒfl ‚ ¯ËÓÍËı
ÔÂ‰ÂÎ‡ı, ‚ÔÎÓÚ¸ ‰Ó ÔÓ˜ÚË ÔÓÎÌÓ„Ó ËÒ˜ÂÁÌÓ‚ÂÌËfl
Ó·ÓÎÓ˜ÍË. àÁÂ‰Í‡ ÔÓ „‡ÌËˆÂ Ò Ó·ÓÎÓ˜ÍÓÈ ÓÚÏÂ-
˜‡ÂÚÒfl ÍÓÓÁËfl ‚ÌÂ¯ÌÂÈ ËÎË ‰‡ÊÂ ˆÂÌÚ‡Î¸ÌÓÈ
˜‡ÒÚË fl‰‡, ÔË˜ÂÏ ˜‡˘Â ÍÓÓ‰ËÛ˛ÚÒfl ‰ËÔË‡-
ÏË‰‡Î¸Ì˚Â „‡ÌË, ÂÊÂ ÔËÁÏ‡ÚË˜ÂÒÍËÂ.

êÂÁÛÎ¸Ú‡Ú˚ U-Pb ËÒÒÎÂ‰Ó‚‡ÌËÈ ˆËÍÓÌÓ‚ ËÁ ‡Ï-
ÙË·ÓÎËÚÓ‚ (ÔÓ·‡ 133 ‚) ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 1. ç‡
‰Ë‡„‡ÏÏÂ ËÁÓ·‡ÊÂÌ‡ (ËÒ. 4) ÔÓÒÚÓÂÌÌ‡fl ‰Îfl ÌËı
‰ËÒÍÓ‰Ëfl, ‚ÂıÌÂÂ ÔÂÂÒÂ˜ÂÌËÂ ÍÓÚÓÓÈ Ò ÍÓÌÍÓ-
‰ËÂÈ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‚ÓÁ‡ÒÚÛ 3325 ± 10 ÏÎÌ. ÎÂÚ, ‡
ÌËÊÌÂÂ – 831 ± 45 ÏÎÌ. ÎÂÚ, ÔË ëäÇé = 0.65. ç‡Ë-
·ÓÎÂÂ ‰Â‚Ìflfl ÍÓÌÍÓ‰‡ÌÚÌ‡fl ‰‡Ú‡ 3323 ± 6 ÏÎÌ.
ÎÂÚ, ÔÓÎÛ˜ÂÌÌ‡fl ‚ ˆÂÌÚÂ Ë‰ËÓÏÓÙÌÓ„Ó ÔËÁÏ‡-

ÚË˜ÂÒÍÓ„Ó fl‰‡ (Ú‡·Î. 1, ÚÓ˜Í‡ 1.1), ‚ÂÓflÚÌÓ, ÓÚ-
‡Ê‡ÂÚ ‚ÂÏfl ÓÒÌÓ‚ÌÓ„Ó Ï‡„Ï‡ÚËÁÏ‡. àÌÓ„‰‡ ̂ ÂÌ-
Ú‡Î¸Ì‡fl ˜‡ÒÚ¸ fl‰‡ ËÎË ‚ÒÂ fl‰Ó ÒÎÓÊÂÌÓ ÔÂÂ-
ÍËÒÚ‡ÎÎËÁÓ‚‡ÌÌ˚Ï ÌËÁÍÓÛ‡ÌÓ‚˚Ï ·ÂÎ˚Ï ‚ äã
ˆËÍÓÌÓÏ, ÌÓ Ô‡ÎÂÓ‡ıÂÈÒÍËÈ ‚ÓÁ‡ÒÚ ÔË ˝ÚÓÏ
ÒÓı‡ÌflÂÚÒfl (Ú‡·Î. 1, ÚÓ˜Í‡ 7.1). íÂÍÚÓÌÓÚÂÏ‡Î¸-
ÌÓÂ ÒÓ·˚ÚËÂ Ò ‚ÓÁ‡ÒÚÓÏ 1.9 ÏÎ‰. ÎÂÚ Á‡ÙËÍÒËÓ-
‚‡ÌÓ ‚ ÍÛÔÌÓÏ (200 × 280 ÏÍÏ) ÒÂÓÏ ‚ äã ÒÍÓÎÍÂ
ÍËÒÚ‡ÎÎ‡ ˆËÍÓÌ‡ Ò ÌÂflÒÌÓ ‚˚‡ÊÂÌÌÓÈ ¯ËÓ-
ÍÓÈ ÁÓÌ‡Î¸ÌÓÒÚ¸˛ (Ú‡·Î. 1, ÚÓ˜Í‡ 6.1, ‚ÓÁ‡ÒÚ
1907 ± 10 ÏÎÌ. ÎÂÚ) Ë ‚ ÓÚÓÓ˜ÍÂ ‰ÎËÌÌÓÔËÁÏ‡ÚË-
˜ÂÒÍÓ„Ó ÁÂÌ‡ (Ú‡·Î. 1, ÚÓ˜Í‡ 4.1, ‚ÓÁ‡ÒÚ 1939 ±
± 54 ÏÎÌ. ÎÂÚ). éˆÂÌÍ‡ 1.9 ÏÎ‰. ÎÂÚ, ‚ÂÓflÚÌÓ, ÓÚ-
‡Ê‡ÂÚ ‚ÂÏfl ÔÓfl‚ÎÂÌËfl ÏÂÚ‡ÏÓÙË˜ÂÒÍËı ÔÓ-
ˆÂÒÒÓ‚.

ñËÍÓÌ ËÁ „ÌÂÈÒÓ‚Ë‰Ì˚ı ÒÛ·˘ÂÎÓ˜Ì˚ı ‰‚ÛÔÓ-
ÎÂ‚Ó¯Ô‡ÚÓ‚˚ı „‡ÌËÚÓ‚ (ÔÓ·‡ 8‡) ÔÂ‰ÒÚ‡‚ÎÂÌ
ÍËÒÚ‡ÎÎ‡ÏË ‚Ë¯ÌÂ‚ÓÈ Ë Ò‚ÂÚÎÓ-ÓÁÓ‚ÓÈ ÓÍ‡ÒÍË
‡ÁÏÂÓÏ ÓÚ 120 ‰Ó 400 ÏÍÏ Ò KÛ = 1.1–3.0. Ç˚‰Â-
ÎflÂÚÒfl ÚË ÏÓÙÓÎÓ„Ë˜ÂÒÍËı ÚËÔ‡ ˆËÍÓÌÓ‚:
‰ÎËÌÌÓÔËÁÏ‡ÚË˜ÂÒÍËÂ ÒÓÒÚ‡‚Îfl˛Ú ‰Ó 15% Ó·˙Â-
Ï‡ Ù‡ÍˆËË, ˝ÎÎËÔÒÓË‰‡Î¸Ì˚Â – 60% Ë ¯‡ÓÓ·-
‡ÁÌ˚Â – 25%. ÇÂ¯ËÌ˚ ÍËÒÚ‡ÎÎÓ‚ ‚Ó ‚ÒÂı ÏÓ-
ÙÓÚËÔ‡ı Á‡ÍÛ„ÎÂÌ˚, ‡ Â·‡ ÍË‚ÓÎËÌÂÈÌ˚, ˜ÚÓ
ÔË‰‡ÂÚ ËÏ ÒıÓ‰ÒÚ‚Ó Ò ÓÍ‡Ú‡ÌÌ˚ÏË ÁÂÌ‡ÏË. àÁÛ-
˜ÂÌËÂ ˆËÍÓÌ‡ ‚ ÔÓıÓ‰fl˘ÂÏ Ò‚ÂÚÂ Ë äã ÔÓÍ‡Á‡-
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êËÒ. 4. ÑË‡„‡ÏÏ‡ Ò ÍÓÌÍÓ‰ËÂÈ ‰Îfl ˆËÍÓÌÓ‚ ËÁ ‰ËÓÔÒË‰-ÔÎ‡„ËÓÍÎ‡Á-Ó„Ó‚ÓÓ·Ï‡ÌÍÓ‚˚ı ‡ÏÙË·ÓÎËÚÓ‚ (ÔÓ·‡ 133‚). 
ÑËÒÍÓ‰Ëfl: T1 = 3325 ± 10, T2 = 831 ± 45 ÏÎÌ. ÎÂÚ, ëäÇé = 0.65 (ÔÓ‚Â‰ÂÌ‡ ˜ÂÂÁ ÚÓ˜ÍË 1.1, 1.2, 11.1, 4.2, ÒÏ. Ú‡·Î. 1).
ìÒÎÓ‚Ì˚Â Ó·ÓÁÌ‡˜ÂÌËfl Ì‡ ËÒ. 3.



ëíêÄíàÉêÄîàü. ÉÖéãéÉàóÖëäÄü äéêêÖãüñàü      ÚÓÏ 17      ‹ 4      2009

ÉãÄÇçõÖ ùíÄèõ îéêåàêéÇÄçàü èÄãÖéÄêïÖâëäéâ äéêõ 15

ÎÓ, ˜ÚÓ Â„Ó ÁÂÌ‡ ı‡‡ÍÚÂËÁÛ˛ÚÒfl ‰‚ÛıÙ‡ÁÌ˚Ï
‚ÌÛÚÂÌÌËÏ ÒÚÓÂÌËÂÏ Ë ÒÓÒÚÓflÚ ËÁ fl‰‡ Ë Ó·Ó-
ÎÓ˜ÍË (ËÒ. 2). Ç ˝ÎÎËÔÒÓË‰‡Î¸Ì˚ı ÁÂÌ‡ı ‚ÒÂ„‰‡
Ì‡·Î˛‰‡ÂÚÒfl Ë‰ËÓÏÓÙÌÓÂ ÍÓÓÚÍÓÔËÁÏ‡ÚË˜Â-
ÒÍÓÂ fl‰Ó (Ú‡·Î. 1, ÁÂÌ‡ 1, 4), ÒÎ‡„‡˛˘ÂÂ ‰Ó 70–
80% Ó·˙ÂÏ‡ ÍËÒÚ‡ÎÎ‡, Ë Ó·‡ÒÚ‡˛˘‡fl Â„Ó ÔÂ-
ËÏÛ˘ÂÒÚ‚ÂÌÌÓ ÔÓ ‰ËÔË‡ÏË‰‡Î¸Ì˚Ï „‡ÌflÏ, ÚÓÌ-
ÍÓÁÓÌ‡Î¸Ì‡fl Ó·ÓÎÓ˜Í‡ ‚‡¸ËÛ˛˘ÂÈ ¯ËËÌ˚ (ÓÚ
3 ‰Ó 30 ÏÍÏ). íÓÌÍ‡fl ÁÓÌ‡Î¸ÌÓÒÚ¸ ‚ Ó·ÓÎÓ˜ÍÂ ÍË-
ÒÚ‡ÎÎ‡ ËÌÓ„‰‡ ÒÓı‡ÌflÂÚ Ë‰ËÓÏÓÙÌÛ˛ ÙÓÏÛ ÁÓ-
Ì‡Î¸ÌÓÒÚË fl‰‡, ÌÓ ‚ÌÂ¯ÌËÂ ÍÓÌÚÛ˚ Ó·ÓÎÓ˜ÍË
‚ÒÂ„‰‡ ÒÍÛ„ÎÂÌ˚. äÛÔÌ˚Â ¯‡ÓÓ·‡ÁÌ˚Â ÍË-
ÒÚ‡ÎÎ˚ ˆËÍÓÌ‡ ‡ÁÏÂÓÏ ‰Ó 180 ÏÍÏ ËÏÂ˛Ú
‚ÌÛÚÂÌÌÂÂ ÒÚÓÂÌËÂ, ÒıÓ‰ÌÓÂ Ò ˝ÎÎËÔÒÓË‰‡Î¸Ì˚-
ÏË ˆËÍÓÌ‡ÏË: Ë‰ËÓÏÓÙÌÓÂ ÍÓÓÚÍÓÔËÁÏ‡ÚË-
˜ÂÒÍÓÂ fl‰Ó, Á‡ÌËÏ‡˛˘ÂÂ ÓÚ ÔÓÎÓ‚ËÌ˚ ‰Ó 2/3 Ë
·ÓÎÂÂ Ó·˙ÂÏ‡ ÁÂÌ‡, Ë Ó·‡ÒÚ‡˛˘‡fl Â„Ó ÔÂËÏÛ-
˘ÂÒÚ‚ÂÌÌÓ ÔÓ ‰ËÔË‡ÏË‰‡Ï ÚÓÌÍÓÁÓÌ‡Î¸Ì‡fl Ó·Ó-
ÎÓ˜Í‡ (Ú‡·Î. 1, ÁÂÌ‡ 7, 12). Ç ‰ÎËÌÌÓÔËÁÏ‡ÚË˜Â-
ÒÍËı ÍËÒÚ‡ÎÎ‡ı fl‰Ó Ë Ó·ÓÎÓ˜Í‡ ÌÂ ‚ÒÂ„‰‡ Û‚Â-
ÂÌÌÓ ‚˚‰ÂÎfl˛ÚÒfl: ‚Ó ‚ÒÂÏ Ó·˙ÂÏÂ ÁÂÌ‡
Ì‡·Î˛‰‡ÂÚÒfl ıÓÓ¯Ó ‚˚‡ÊÂÌ‡fl, ÓÚ ÚÓÌÍÓÈ ‰Ó
„Û·ÓÈ ËÚÏË˜ÂÒÍ‡fl ÁÓÌ‡Î¸ÌÓÒÚ¸, ‡ ‚ ˆÂÌÚÂ – ÌÂ-
·ÓÎ¸¯ÓÂ ˜ÂÌÓÂ ‚ äã ÏÂÚ‡ÏËÍÚÌÓÂ fl‰Ó ÔËÁÏ‡-
ÚË˜ÂÒÍÓÈ ËÎË ˝ÎÎËÔÒÓË‰‡Î¸ÌÓÈ ÙÓÏ˚ (Ú‡·Î. 1,
ÁÂÌ‡ 7.1‡, 10). Ç Â‰ÍËı ÁÂÌ‡ı Ì‡·Î˛‰‡ÂÚÒfl ÒÂ-

Á‡ÌËÂ Ï‡„Ï‡ÚË˜ÂÒÍÓÈ ÁÓÌ‡Î¸ÌÓÒÚË ÍÓÓ‰ËÓ‚‡Ì-
Ì˚ÏË ÍÓÌÚÛ‡ÏË fl‰‡ (Ú‡·Î. 1, ÁÂÌ‡ 5, 7), ̃ ÚÓ Ò‚Ë-
‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó “‡ÒÚ‚ÓÂÌËË” fl‰‡ ÔÂÂ‰ Ì‡‡ÒÚ‡-
ÌËÂÏ Ó·ÓÎÓ˜ÍË Ë Ó ÔÂ˚‚ËÒÚÓÏ ı‡‡ÍÚÂÂ ÓÒÚ‡
ˆËÍÓÌ‡ Ì‡ Ï‡„Ï‡ÚË˜ÂÒÍÓÈ ÒÚ‡‰ËË. ü‰Ó ÒÎ‡„‡ÂÚ
Ó‰ÌÓÓ‰Ì˚È ËÎË „Û·Ó-ÚÓÌÍÓÁÓÌ‡Î¸Ì˚È, Â‰ÍÓ
ÒÂÍÚÓË‡Î¸Ì˚È ˆËÍÓÌ Ò ‚˚‡ÊÂÌÌ˚Ï Ë‰ËÏÓÙ-
Ì˚Ï ÍÓÓÚÍÓ-‰ÎËÌÌÓÔËÁÏ‡ÚË˜ÂÒÍËÏ „‡·ËÚÛÒÓÏ.
ç‡ ‰Ë‡„‡ÏÏÂ U–Th/U ÓÚ˜ÂÚÎË‚Ó ‚˚‰ÂÎfl˛ÚÒfl ÚË
ËÁÓÎËÓ‚‡ÌÌ˚ı ÔÓÎfl (ËÒ. 5), Ó·‡ÁÓ‚‡ÌÌ˚Â ÚÓ˜-
Í‡ÏË ËÁÓÚÓÔÌÓ„Ó ÒÓÒÚ‡‚‡ ÌÂËÁÏÂÌÂÌÌ˚ı Ë ÏÂÚ‡-
ÏËÍÚÌ˚ı fl‰Â ˆËÍÓÌ‡ Ë Ì‡‡ÒÚ‡˛˘Ëı Ì‡ fl‰‡
Ó·ÓÎÓ˜ÂÍ. èÂ‚˚Â ËÏÂ˛Ú ÌËÁÍÓÂ ÒÓ‰ÂÊ‡ÌËÂ
Û‡Ì‡ (113–202 ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ 147 ÏÍ„/„) Ë ‚˚ÒÓ-
ÍËÂ Th/U ÓÚÌÓ¯ÂÌËfl (0.77–1.43, ‚ ÒÂ‰ÌÂÏ 1.12),
˜ÚÓ ÔÓÁ‚ÓÎflÂÚ ÔÂ‰ÔÓÎ‡„‡Ú¸ Ëı ÙÓÏËÓ‚‡ÌËÂ ËÁ
Ï‡„Ï‡ÚË˜ÂÒÍÓ„Ó ‡ÒÔÎ‡‚‡. åÂÚ‡ÏËÍÚÌ˚Â fl‰‡
ËÏÂ˛Ú ‚˚ÒÓÍËÂ ÒÓ‰ÂÊ‡ÌËfl Û‡Ì‡ (560–902 ÏÍ„/„,
‚ ÒÂ‰ÌÂÏ 716 ÏÍ„/„) ÔË ¯ËÓÍËı ‚‡Ë‡ˆËflı Th/U
ÓÚÌÓ¯ÂÌËfl (0.12–0.93, ‚ ÒÂ‰ÌÂÏ 0.44). é·‡ÏÎfl-
˛˘ËÂ fl‰‡ Ó·ÓÎÓ˜ÍË ı‡‡ÍÚÂËÁÛ˛ÚÒfl ÌÂ‚˚ÒÓÍË-
ÏË ÒÓ‰ÂÊ‡ÌËflÏË Û‡Ì‡ (162–468 ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ
257 ÏÍ„/„) Ë Th/U ÓÚÌÓ¯ÂÌËÂÏ (0.09–0.26, ‚ ÒÂ‰-
ÌÂÏ 0.17), ̃ ÚÓ ÔÓÁ‚ÓÎflÂÚ ÔÂ‰ÔÓÎ‡„‡Ú¸ ‰Îfl ÌËı ÏÂ-
Ú‡ÏÓÙË˜ÂÒÍËÈ „ÂÌÂÁËÒ (Vavra et al., 1999; Rubatto,
Hermann, 2007).
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êËÒ. 5. ÑË‡„‡ÏÏ‡ Ò ÍÓÌÍÓ‰ËÂÈ ‰Îfl ˆËÍÓÌÓ‚ ËÁ „ÌÂÈÒÓ‚Ë‰Ì˚ı ·ËÓÚËÚ-‰‚ÛÔÓÎÂ‚Ó¯Ô‡ÚÓ‚˚ı „‡ÌËÚÓ‚ (ÔÓ·‡ 8‡). 
ÑËÒÍÓ‰Ëfl I: T1 = 3343 ± 17, T2 = 933 ± 100 ÏÎÌ. ÎÂÚ, ëäÇé = 1.6 (ÔÓ‚Â‰ÂÌ‡ ˜ÂÂÁ ÚÓ˜ÍË 3.2, 4.1, 5.1, 6.2, 8.1, 15.1–3,
ÒÏ. Ú‡·Î. 1); ‰ËÒÍÓ‰Ëfl II: í1 = 2729 ± 15, í2 = 0 ÏÎÌ. ÎÂÚ, ëäÇé = 4.3 (ÔÓ‚Â‰ÂÌ‡ ̃ ÂÂÁ ÚÓ˜ÍË 3.1, 4.2, 6.3, 10.1, 11.1, 13.1,
14.1, 15.2, 16.3, ÒÏ. Ú‡·Î. 1). ìÒÎÓ‚Ì˚Â Ó·ÓÁÌ‡˜ÂÌËfl Ì‡ ËÒ. 3.
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U-Pb ËÁÓÚÓÔÌ˚È ‡Ì‡ÎËÁ ˆËÍÓÌÓ‚ ˝ÎÎËÔÒÓË-
‰‡Î¸ÌÓ„Ó Ë ¯‡ÓÓ·‡ÁÌÓ„Ó „‡·ËÚÛÒ‡ (Ú‡·Î. 1, ÚÓ˜-
ÍË 1.1, 3.2, 4.1, 5.1, 6.2, 8.1; ËÒ. 5) ÔÓÍ‡Á‡Î, ˜ÚÓ Ëı
fl‰‡ ËÏÂ˛Ú ÍÓÌÍÓ‰‡ÌÚÌ˚Â ‚ÓÁ‡ÒÚ˚ ÓÚ 3307 ± 12
‰Ó 3353 ± 9 ÏÎÌ. ÎÂÚ. ü‰‡ ‰ÎËÌÌÓÔËÁÏ‡ÚË˜ÂÒÍËı
ˆËÍÓÌÓ‚ (Ú‡·Î. 1, ÚÓ˜ÍË 7.1‡, 15.1) Ó·Î‡‰‡˛Ú ÒÛ-
˘ÂÒÚ‚ÂÌÌÓ ·ÓÎ¸¯ÂÈ ‰ËÒÍÓ‰‡ÌÚÌÓÒÚ¸˛ U-Pb ÓÚ-
ÌÓ¯ÂÌËÈ, Ú.Â. ËÒÔ˚Ú‡ÎË ·ÓÎ¸¯ËÂ Ì‡Û¯ÂÌËfl U-Pb
ËÁÓÚÓÔÌÓÈ ÒËÒÚÂÏ˚, ıÓÚfl ÓÚÌÓÒflÚÒfl Í ̋ ÚÓÈ ÊÂ ‚ÓÁ-
‡ÒÚÌÓÈ „ÂÌÂ‡ˆËË. ÇÓÒÂÏ¸ ÚÓ˜ÂÍ ËÁÓÚÓÔÌÓ„Ó ÒÓ-
ÒÚ‡‚‡ ˝ÚËı ˆËÍÓÌÓ‚ ÙÓÏËÛ˛Ú ÔÂ‚Û˛ ‰ËÒÍÓ-
‰Ë˛ Ò Ô‡‡ÏÂÚ‡ÏË í1 = 3343 ± 17, í2 = 933 ±
± 100 ÏÎÌ. ÎÂÚ, ÔË ëäÇé = 1.6. ÑÂ‚flÚ¸ ÚÓ˜ÂÍ ËÁÓ-
ÚÓÔÌÓ„Ó ÒÓÒÚ‡‚‡ Ó·ÓÎÓ˜ÂÍ, ÓÍÛÊ‡˛˘Ëı fl‰‡ ‚Ó
‚ÒÂı ÚÂı ÏÓÙÓÚËÔ‡ı ˆËÍÓÌÓ‚, Ó·‡ÁÛ˛Ú ‚ÚÓ-
Û˛ ‰ËÒÍÓ‰Ë˛ Ò Ô‡‡ÏÂÚ‡ÏË í1 = 2729 ± 15 Ë
í2 = 0 ÏÎÌ. ÎÂÚ. ìÒÂ‰ÌÂÌÌ˚È ÍÓÌÍÓ‰‡ÌÚÌ˚È ‚ÓÁ-
‡ÒÚ ÏÂÚ‡ÏÓÙË˜ÂÒÍËı ËÁÏÂÌÂÌËÈ „‡ÌËÚÓ‚, ÔÓ-
fl‚Ë‚¯ËıÒfl ‚ ÔÓfl‚ÎÂÌËË ÌÓ‚ÓÓ·‡ÁÓ‚‡ÌÌÓÈ Í‡ÈÏ˚
Ì‡ ÍËÒÚ‡ÎÎ‡ı ˆËÍÓÌÓ‚ (Ú‡·Î. 1, ÚÓ˜ÍË 4.2, 11.1,
14.1), ‡‚ÂÌ 2718 ± 12 ÏÎÌ. ÎÂÚ. äÓÌÍÓ‰‡ÌÚÌ‡fl ‰‡-
ÚËÓ‚Í‡ Ó·ÓÎÓ˜ÍË ̋ ÎÎËÔÒÓË‰‡Î¸ÌÓ„Ó ÁÂÌ‡ (Ú‡·Î. 1,
ÁÂÌ‡ 6.1), ‚ÓÁÏÓÊÌÓ, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÔÓfl‚ÎÂ-
ÌËË ˝ÔËÁÓ‰‡ „‡ÌÛÎËÚÓ‚Ó„Ó ÏÂÚ‡ÏÓÙËÁÏ‡ 2606 ±
± 11 ÏÎÌ. ÎÂÚ Ì‡Á‡‰. åÓ‰ÂÎ¸Ì˚È ‚ÓÁ‡ÒÚ (TNd(DM) =
= 3467 Ë 3486 ÏÎÌ. ÎÂÚ, εNd = –0.23 Ë –0.69), ÓÔÂ‰Â-
ÎÂÌÌ˚È ÔÓ ‰‚ÛÏ ‚‡ÎÓ‚˚Ï ÔÓ·‡Ï „ÌÂÈÒÓ‚Ë‰Ì˚ı
ÒÛ·˘ÂÎÓ˜Ì˚ı „‡ÌËÚÓ‚ (ÔÓ·˚ 8‡, 223), ÌÂ ÔÓÚË-
‚ÓÂ˜ËÚ ÔÓÎÛ˜ÂÌÌ˚Ï ‰‡ÌÌ˚Ï (Ú‡·Î. 2) Ë Ò‚Ë‰Â-
ÚÂÎ¸ÒÚ‚ÛÂÚ Ó ‚˚ÔÎ‡‚ÎÂÌËË ÔÂ‚Ë˜ÌÓÈ Ï‡„Ï˚ ˝ÚËı
ÔÓÓ‰ ËÁ ‰ÂÔÎÂÚËÓ‚‡ÌÌÓÈ Ï‡ÌÚËË ‚ ËÌÚÂ‚‡ÎÂ
3.47–3.49 ÏÎ‰. ÎÂÚ. èËÏÂ˜‡ÚÂÎ¸ÌÓ, ˜ÚÓ ‡ÌÌÂ-
ÔÓÚÂÓÁÓÈÒÍËÈ ˝Ú‡Ô ÚÂÍÚÓÌÓÚÂÏ‡Î¸ÌÓÈ ‡ÍÚË‚-
ÌÓÒÚË ÔÓfl‚ËÎÒfl ÎË¯¸ ‚ ÌÓ‚ÓÓ·‡ÁÓ‚‡ÌÌ˚ı ‡Í-
ˆÂÒÒÓÌ˚ı ÏÓÌ‡ˆËÚ‡ı, ÍÓÚÓ˚Â ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï
U-Pb ËÁÓÚÓÔÌÓ„Ó ‰‡ÚËÓ‚‡ÌËfl ÔÓÍ‡Á‡ÎË ÍÓÌÍÓ-
‰‡ÌÚÌ˚È ‚ÓÁ‡ÒÚ (ÔÓ ÔflÚË ÚÓ˜Í‡Ï) 1918 ± 17 ÏÎÌ.
ÎÂÚ ÔË ëäÇé = 1.7, Ë ÌÂ Ì‡¯ÂÎ ÓÚ‡ÊÂÌËfl ÌË ‚
U-Pb ËÁÓÚÓÔÌÓÈ ÒËÒÚÂÏÂ ̂ ËÍÓÌ‡, ÌË ‚ Sm-Nd ËÁÓ-
ÚÓÔÌÓÏ ÒÓÒÚ‡‚Â ‚‡ÎÓ‚˚ı ÔÓ· „‡ÌËÚ‡. 

Ç ÏÓÌÓÙ‡ÍˆËË ˆËÍÓÌ‡ ËÁ ·ËÓÚËÚÓ‚Ó„Ó „ÌÂÈ-
Ò‡ (ÔÓ·‡ 10·) ÔÂÓ·Î‡‰‡˛Ú ‰ÎËÌÌÓÔËÁÏ‡ÚË˜Â-
ÒÍËÂ Ò ÓÍÛ„Î˚ÏË „ÓÎÓ‚Í‡ÏË Ë ˝ÎÎËÔÒÓË‰‡Î¸Ì˚Â
ÍËÒÚ‡ÎÎ˚, ÂÊÂ ‚ÒÚÂ˜‡˛ÚÒfl ¯‡ÓÓ·‡ÁÌ˚Â
ÁÂÌ‡ (ËÒ. 2), ÓÍ‡ÒÍ‡ ËÁÏÂÌflÂÚÒfl ÓÚ Ò‚ÂÚÎÓ-ÓÁÓ-
‚ÓÈ ‰Ó ÓÁÓ‚Ó-ÍÓË˜ÌÂ‚ÓÈ Ë ‚Ë¯ÌÂ‚ÓÈ. ê‡ÁÏÂ
ÍËÒÚ‡ÎÎÓ‚ ÒÓÒÚ‡‚ÎflÂÚ 180–400 ÏÍÏ, KÛ = 1.1–4.0.
Ç ÔÓıÓ‰fl˘ÂÏ Ò‚ÂÚÂ Ë äã Ì‡·Î˛‰‡ÂÚÒfl ÒÎÓÊÌÓÂ
ÒÚÓÂÌËÂ ·ÓÎ¸¯ËÌÒÚ‚‡ ÍËÒÚ‡ÎÎÓ‚: ÁÓÌ‡Î¸Ì‡fl
ˆÂÌÚ‡Î¸Ì‡fl ˜‡ÒÚ¸ (fl‰Ó) Ë ÓÍÛÊ‡˛˘‡fl Â„Ó ÛÁ-
Í‡fl, ÂÊÂ ¯ËÓÍ‡fl Ó·ÓÎÓ˜Í‡. ó‡ÒÚÓ ÓÚÏÂ˜‡˛ÚÒfl
ˆËÍÓÌ˚, ÔÂÂ‡·ÓÚ‡ÌÌ˚Â ÔÓÁ‰ÌËÏË ÏÂÚ‡ÏÓ-
ÙË˜ÂÒÍËÏË ÔÓˆÂÒÒ‡ÏË (Ú‡·Î. 1, ÁÂÌ‡ 5, 10). èÓ
ÔÂËÙÂËË fl‰Â ËÌÓ„‰‡ ‡Á‚Ë‚‡˛ÚÒfl ·ÂÎ˚Â Ò fl-
ÍËÏ Ò‚Â˜ÂÌËÂÏ ÁÓÌ˚ ÔÂÂÍËÒÚ‡ÎÎËÁ‡ˆËË ÌÂÔ‡-
‚ËÎ¸ÌÓÈ ÙÓÏ˚. àÁÂ‰Í‡ ‚ÒÚÂ˜‡˛ÚÒfl Ó‰ÌÓ-
Ù‡ÁÌ˚Â ‰ÎËÌÌÓÔËÁÏ‡ÚË˜ÂÒÍËÂ ÍËÒÚ‡ÎÎ˚ Ò
ÚÓÌÍÓÈ ËÚÏË˜ÂÒÍÓÈ ÁÓÌ‡Î¸ÌÓÒÚ¸˛, ÍÓÌÙÓÏ-
ÌÓÈ ÔËÁÏ‡ÚË˜ÂÒÍËÏ „‡ÌflÏ (Ú‡·Î. 1, ÁÂÌÓ 12).

é·ÓÎÓ˜ÍË Ó·˚˜ÌÓ ÚÓÌÍËÂ, ·ÂÎ˚Â ‚ äã, ÌËÁÍÓ-
Û‡ÌÓ‚˚Â ÚÂ˘ËÌÓ‚‡Ú˚Â, ÂÊÂ ÚÂÏÌÓ-ÒÂ˚Â, ‚˚-
ÒÓÍÓÛ‡ÌÓ‚˚Â, ÒÓ ÒÎÂ‰‡ÏË ÚÓÌÍÓÈ Ï‡„Ï‡ÚË˜ÂÒÍÓÈ
ÁÓÌ‡Î¸ÌÓÒÚË. ä‡Í ‚ „Û·ÓÁÓÌ‡Î¸Ì˚ı ÌÂÔÂÂ‡·Ó-
Ú‡ÌÌ˚ı Ë‰ËÓÏÓÙÌ˚ı fl‰‡ı ˆËÍÓÌÓ‚ (Ú‡·Î. 1,
ÁÂÌ‡ 1, 4, 7), Ú‡Í Ë ‚ ËÁÏÂÌÂÌÌ˚ı fl‰‡ı (Ú‡·Î. 1,
ÁÂÌ‡ 3, 5, 6) Ì‡·Î˛‰‡˛ÚÒfl ÓÚÌÓÒËÚÂÎ¸ÌÓ ÌÂ‚˚ÒÓÍËÂ
ÒÓ‰ÂÊ‡ÌËfl Û‡Ì‡ (75–693, ‚ ÒÂ‰ÌÂÏ 310 ÏÍ„/„, Ë
350–693 ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ 478 ÏÍ„/„, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ) Ë Th/U ÓÚÌÓ¯ÂÌËfl, ËÁÏÂÌfl˛˘ËÂÒfl ÓÚ 0.26–1.2,
‚ ÒÂ‰ÌÂÏ 0.67, ‰Ó 0.17–0.59, ‚ ÒÂ‰ÌÂÏ 0.36, ÒÓÓÚ-
‚ÂÚÒÚ‚ÂÌÌÓ, ˜ÚÓ ÔÓÁ‚ÓÎflÂÚ ÓÚÌÓÒËÚ¸ Ëı Í ÚËÔË˜-
Ì˚Ï Ï‡„Ï‡ÚË˜ÂÒÍËÏ ˆËÍÓÌ‡Ï.

èÓ ‰‡ÌÌ˚Ï U-Pb ËÁÓÚÓÔÌÓ„Ó ‡Ì‡ÎËÁ‡ (Ú‡·Î. 1)
Ë‰ËÓÏÓÙÌ˚Â fl‰‡ ËÏÂ˛Ú ÛÒÚÓÈ˜Ë‚˚È ‚ÓÁ‡ÒÚ
3.3 ÏÎ‰. ÎÂÚ (Ú‡·Î. 1, ÁÂÌ‡ 1, 4, 7), ÍÓÚÓ˚È ÒÓ-
ı‡ÌflÂÚÒfl Ë ‚ ÔÂËÙÂËË fl‰Â (Ú‡·Î. 1, ÁÂÌ‡ 9,
13). ç‡ ‰Ë‡„‡ÏÏÂ Ò ÍÓÌÍÓ‰ËÂÈ (ËÒ. 6) ˝ÍÒÔÂË-
ÏÂÌÚ‡Î¸Ì˚Â ÚÓ˜ÍË (n = 14) ˆËÍÓÌÓ‚ ‡ÁÎË˜ÌÓ„Ó
„‡·ËÚÛÒ‡ Ë ÒÚÓÂÌËfl Ó·‡ÁÛ˛Ú ÎËÌË˛ Â„ÂÒÒËË Ò
Ô‡‡ÏÂÚ‡ÏË í1 = 3245 ± 23 ÏÎÌ. ÎÂÚ, í2 = 2025 ±
± 53 ÏÎÌ. ÎÂÚ, ëäÇé = 1.6. ÇÂıÌÂÂ ÔÂÂÒÂ˜ÂÌËÂ
‰ËÒÍÓ‰ËË Ò ÍÓÌÍÓ‰ËÂÈ ÔÓÔ‡‰‡ÂÚ Ì‡ ÍÓÌÍÓ‰‡ÌÚ-
ÌÛ˛ ÚÓ˜ÍÛ 1.1 (Ú‡·Î. 1) Ò ‚ÓÁ‡ÒÚÓÏ 3261 ± 6.2 ÏÎÌ.
ÎÂÚ, ÓÚ‡Ê‡˛˘ËÏ, ‚ÂÓflÚÌÓ, ‚ÂÏfl Ï‡„Ï‡ÚË˜Â-
ÒÍÓÈ ÍËÒÚ‡ÎÎËÁ‡ˆËË ˆËÍÓÌÓ‚, ‡ ÌËÊÌÂÂ ÔÂÂÒÂ-
˜ÂÌËÂ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‚ÂÏÂÌË Ëı ÔÂÓ·‡ÁÓ‚‡ÌËfl
ÔË ÏÂÚ‡ÏÓÙËÁÏÂ. ÑÎfl ÍÛÔÌ˚ı (300–500 ÏÍÏ)
ÔËÁÏ‡ÚË˜ÂÒÍËı ˆËÍÓÌÓ‚ (Ú‡·Î. 1, ÁÂÌÓ 2) ËÎË
Ëı ÒÍÓÎÍÓ‚ (Ú‡·Î. 1, ÁÂÌÓ 8) Ò ÌËÁÍËÏ ÒÓ‰ÂÊ‡ÌË-
ÂÏ Û‡Ì‡ (424 ÏÍ„/„) Ë Ó˜ÂÌ¸ ÌËÁÍËÏ ÚÓËÈ-Û‡-
ÌÓ‚˚Ï ÓÚÌÓ¯ÂÌËÂÏ (0.01) ÔÓÎÛ˜ÂÌ˚ ‰‡ÚËÓ‚ÍË
1876 ± 11 Ë 1862 ± 18 ÏÎÌ. ÎÂÚ. é‰ÌÓÓ‰ÌÓÂ ÒÚÓÂ-
ÌËÂ ̋ ÚËı Ë‰ËÓÏÓÙÌ˚ı ÍËÒÚ‡ÎÎÓ‚ Ë ÓÚÒÛÚÒÚ‚ËÂ ‚
ÌËı ·ÓÎÂÂ ‰Â‚ÌËı Û˜‡ÒÚÍÓ‚ ÔÓÁ‚ÓÎflÂÚ ÔÂ‰ÔÓÎ‡-
„‡Ú¸ Ëı Ó·‡ÁÓ‚‡ÌËÂ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ÔË ÔÓˆÂÒ-
Ò‡ı ÏÂÚ‡ÏÓÙËÁÏ‡ ‡ÏÙË·ÓÎËÚÓ‚ÓÈ Ù‡ˆËË.

Ç „‡Ì‡ÚÒÓ‰ÂÊ‡˘Ëı ·ËÓÚËÚÓ‚˚ı „ÌÂÈÒ‡ı
(ÔÓ·‡ 10‡) ˆËÍÓÌ˚ ÔÓ ÏÓÙÓÎÓ„ËË Ë „ÂÓıËÏË-
˜ÂÒÍËÏ ı‡‡ÍÚÂËÒÚËÍ‡Ï ÒıÓ‰Ì˚ Ò ˆËÍÓÌ‡ÏË
ÔÓ·˚ 10·, ÌÓ ËÏÂ˛Ú ÌËÁÍÓÂ Th/U ÓÚÌÓ¯ÂÌËÂ
(0.1–0.19, ‚ ÒÂ‰ÌÂÏ 0.11), ·ÓÎÂÂ ‚˚ÒÓÍËÂ ÒÓ‰Â-
Ê‡ÌËfl Û‡Ì‡ (1270–2290 ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ 1680
ÏÍ„/„) Ë ÒÓ‰ÂÊ‡Ú ·ÓÎ¸¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó ‚ÍÎ˛˜Â-
ÌËÈ, ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÒÛ˘ÂÒÚ‚ÂÌÌ˚ı Ì‡Û-
¯ÂÌËflı U-Pb ËÁÓÚÓÔÌÓÈ ÒËÒÚÂÏ˚ ˆËÍÓÌÓ‚. èÓ-
˝ÚÓÏÛ ÒÂÏ¸ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÚÓ˜ÂÍ (Ú‡·Î. 1,
ËÒ. 7) Ó·‡ÁÛ˛Ú ‰ËÒÍÓ‰Ë˛ Ò ·ÓÎ¸¯ËÏ ëäÇé =
= 29, ÓÚ‚Â˜‡˛˘Û˛ í1 = 3264.2 ± 40.3 Ë í2 = 1122 ±
± 40 ÏÎÌ. ÎÂÚ; Ë ÎË¯¸ ‰Îfl Ó‰ÌÓ„Ó ÍËÒÚ‡ÎÎ‡
(Ú‡·Î. 1, ÁÂÌÓ 2) Ò ÌÂ‚˚ÒÓÍËÏ ÒÓ‰ÂÊ‡ÌËÂÏ Û‡Ì‡
619 ÏÍ„/„, ÚÓËÈ-Û‡ÌÓ‚˚Ï ÓÚÌÓ¯ÂÌËÂÏ 0.77 Ë ÌÂ
ÒÓ‰ÂÊ‡˘Â„Ó ‚ÍÎ˛˜ÂÌËÈ, ÔÓÎÛ˜ÂÌ‡ ÍÓÌÍÓ‰‡ÌÚÌ‡fl
‰‡ÚËÓ‚Í‡ 3250 ± 4.4 ÏÎÌ. ÎÂÚ, Ô‡ÍÚË˜ÂÒÍË ÒÓ‚Ô‡‰‡-
˛˘‡fl Ò ÂÁÛÎ¸Ú‡Ú‡ÏË ËÁÏÂÂÌËÈ ÔÓ·˚ 10·. êÂ-
ÁÛÎ¸Ú‡Ú˚ Sm-Nd ËÒÒÎÂ‰Ó‚‡ÌËÈ ıÓÓ¯Ó ÒÓ„Î‡ÒÛ-
˛ÚÒfl Ò U-Pb ‰‡ÌÌ˚ÏË: ‰Îfl ‚‡ÎÓ‚ÓÈ ÔÓ·˚ „‡Ì‡Ú-
ÒÓ‰ÂÊ‡˘Ëı ·ËÓÚËÚÓ‚˚ı „ÌÂÈÒÓ‚ (ÔÓ·‡ 10‡)
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äÛÁ¸ÏËÌ Ë ‰.

ÏÓ‰ÂÎ¸Ì˚È ‚ÓÁ‡ÒÚ ÒÓÒÚ‡‚ÎflÂÚ 3345 ÏÎÌ. ÎÂÚ ÔË
εNd = +2.05 (Ú‡·Î. 2).

Ç ÏË„Ï‡ÚËÁËÓ‚‡ÌÌ˚ı „‡Ì‡ÚÓ‚˚ı ‡ÏÙË·ÓÎË-
Ú‡ı (ÔÓ·‡ 294Ô) ˆËÍÓÌ ÔÂ‰ÒÚ‡‚ÎÂÌ ÔÂËÏÛ˘Â-
ÒÚ‚ÂÌÌÓ ¯‡ÓÓ·‡ÁÌ˚ÏË Ë ˝ÎÎËÔÒÓË‰‡Î¸Ì˚ÏË
ÁÂÌ‡ÏË Ò KÛ = 1.0–2.0, Â‰ÍÓ – ‰ÎËÌÌÓÔËÁÏ‡ÚË˜Â-
ÒÍËÏË Ò KÛ = 2.0–3.0, ‡ÁÏÂÓÏ ÓÚ 100 ‰Ó 280 ÏÍÏ.
Ç ÔÓıÓ‰fl˘ÂÏ Ò‚ÂÚÂ Ë äã ‚ ·ÓÎ¸¯ËÌÒÚ‚Â ÁÂÂÌ
Ó·ÓÒÓ·Îfl˛ÚÒfl fl‰Ó Ë ̄ ËÓÍ‡fl (10–30 ÏÍÏ) ÚÂÏÌÓ-
ÒÂ‡fl ËÎË ˜ÂÌ‡fl ‚ äã Ó·ÓÎÓ˜Í‡. ü‰Ó ËÏÂÂÚ Ó‰-
ÌÓÓ‰ÌÓÂ ÒÚÓÂÌËÂ, ˝ÎÎËÔÒÓË‰‡Î¸ÌÛ˛ ËÎË ¯‡Ó-
Ó·‡ÁÌÛ˛ ÙÓÏÛ; ‚ÒÚÂ˜‡˛ÚÒfl ÁÂÌ‡ Ò ÒÛ·Ë‰ËÓ-
ÏÓÙÌ˚Ï fl‰ÓÏ Ë ÌÂÓÚ˜ÂÚÎË‚Ó ‚˚‡ÊÂÌÌÓÈ ËÚ-
ÏË˜ÂÒÍÓÈ ÁÓÌ‡Î¸ÌÓÒÚ¸˛ (Ú‡·Î. 1, ÁÂÌÓ 5). ÑÎfl
fl‰Â ˆËÍÓÌÓ‚ ı‡‡ÍÚÂÌ˚ ÌËÁÍËÂ ÒÓ‰ÂÊ‡ÌËfl
Û‡Ì‡ (25–262 ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ 88 ÏÍ„/„), ‰Îfl Ó·Ó-
ÎÓ˜ÂÍ – ·ÓÎÂÂ ‚˚ÒÓÍËÂ (343–975ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ
700 ÏÍ„/„), ‡ ‰Îfl ÔÂÂ‡·ÓÚ‡ÌÌ˚ı fl‰Â – Ò‡Ï˚Â
‚˚ÒÓÍËÂ (1036–2318 ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ 1500 ÏÍ„/„),
Ë ‚ÒÂ ̂ ËÍÓÌ˚, ÍÓÏÂ ÚÓ˜ÍË 4.1, ËÏÂ˛Ú Ó˜ÂÌ¸ ÌËÁ-
ÍËÂ ÚÓËÈ-Û‡ÌÓ‚˚Â ÓÚÌÓ¯ÂÌËfl (0.01–0.05 ÏÍ„/„,
‚ ÒÂ‰ÌÂÏ 0.02 ÏÍ„/„) (Ú‡·Î. 1, ËÒ. 8). ÇÒÂ Ó‰ËÌÌ‡-
‰ˆ‡Ú¸ ÚÓ˜ÂÍ ËÁÓÚÓÔÌÓ„Ó ÒÓÒÚ‡‚‡ fl‰Â Ë Ó·ÓÎÓ˜ÂÍ
ˆËÍÓÌÓ‚ ‡ÁÎË˜ÌÓ„Ó „‡·ËÚÛÒ‡ Ó·‡ÁÛ˛Ú ÎËÌË˛
Â„ÂÒÒËË (í1 = 1923 ± 11 ÏÎÌ. ÎÂÚ, í2 = 361 ±
± 110 ÏÎÌ. ÎÂÚ, ëäÇé = 1.3), ‚ÂıÌÂÂ ÔÂÂÒÂ˜ÂÌËÂ
ÍÓÚÓÓÈ Ò ÍÓÌÍÓ‰ËÂÈ ÔÓÔ‡‰‡ÂÚ Ì‡ ÚÓ˜ÍÛ 5.1, ËÏÂ-

˛˘Û˛ ÍÓÌÍÓ‰‡ÌÚÌ˚È ‚ÓÁ‡ÒÚ 1906 ± 34 ÏÎÌ. ÎÂÚ,
ÓÚ‡Ê‡˛˘ËÈ, ‚ÂÓflÚÌÓ, ‚ÂÏfl ÏË„Ï‡ÚËÁ‡ˆËË.
ÇÓÁ‡ÒÚ 361 ± 110 ÏÎÌ. ÎÂÚ, ÓÔÂ‰ÂÎÂÌÌ˚È ÔÓ
ÌËÊÌÂÏÛ ÔÂÂÒÂ˜ÂÌË˛ ‰ËÒÍÓ‰ËË, ÒÍÓÂÂ ‚ÒÂ„Ó,
ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‚ÂÏÂÌË ‚ÌÂ‰ÂÌËfl ÔÓÁ‰ÌÂÓ‰Ó-
‚ËÍÒÍËı „‡ÌËÚÓË‰Ó‚ (444.4 ± ± 1.1 ÏÎÌ. ÎÂÚ) ‚ Á‡-
Ô‡‰ÌÓÈ ˜‡ÒÚË éıÓÚÒÍÓ„Ó Ï‡ÒÒË‚‡ (äÛÁ¸ÏËÌ Ë ‰.,
2003). èÓÎÛ˜ÂÌÌ˚È ÏÓ‰ÂÎ¸Ì˚È Sm-Nd ‚ÓÁ‡ÒÚ
3256 ÏÎÌ. ÎÂÚ (Ú‡·Î. 2) ÔÓ‰Ú‚ÂÊ‰‡ÂÚ Ô‡ÎÂÓ‡ıÂÈ-
ÒÍËÈ ‚ÓÁ‡ÒÚ ÔÓÚÓÎËÚ‡ ‡ÏÙË·ÓÎËÚÓ‚.

ñËÍÓÌ˚ ËÁ ÏÂÁÓÍ‡ÚÓ‚˚ı „‡Ì‡Ú-·ËÓÚËÚÓ-
‚˚ı ÔÎ‡„ËÓ„ÌÂÈÒÓ‚ (ÔÓ·‡ 565Ê) ÔÂ‰ÒÚ‡‚ÎÂÌ˚
ÔÓÁ‡˜Ì˚ÏË ÓÁÓ‚˚ÏË Ë ÚÂÏÌÓ-·Ó‰Ó‚˚ÏË ÍË-
ÒÚ‡ÎÎ‡ÏË ‡ÁÏÂÓÏ ÓÚ 100 ‰Ó 220 ÏÍÏ. èÂÓ·Î‡-
‰‡˛Ú Û‰ÎËÌÂÌÌÓ-ÔËÁÏ‡ÚË˜ÂÒÍËÂ ˆËÍÓÌ˚ Ò Á‡-
ÍÛ„ÎÂÌÌ˚ÏË ‚Â¯ËÌ‡ÏË (KÛ = 1.5–3.0), ÏÂÌÂÂ
‡ÒÔÓÒÚ‡ÌÂÌ˚ ¯‡ÓÓ·‡ÁÌ˚Â Ë ˝ÎÎËÔÒÓË‰‡Î¸-
Ì˚Â ‡ÁÌÓ‚Ë‰ÌÓÒÚË (KÛ = 1.0–1.5). ÅÓÎ¸¯ËÌÒÚ‚Ó
ÁÂÂÌ ËÏÂÂÚ ‰‚ÛıÙ‡ÁÌÓÂ ÒÚÓÂÌËÂ Ò fl‰ÓÏ, ‚ ÍÓ-
ÚÓÓÏ ÌÂÂ‰ÍÓ ÓÚÏÂ˜‡ÂÚÒfl ËÚÏË˜ÂÒÍ‡fl ÁÓÌ‡Î¸-
ÌÓÒÚ¸ (Ú‡·Î. 1, ÁÂÌÓ 3), Ë Ó‰ÌÓÓ‰ÌÓÈ ÚÂÏÌÓÈ ‚
äã Ó·ÓÎÓ˜ÍÓÈ. ä‡Í ‰Îfl fl‰Â, Ú‡Í Ë ‰Îfl Ó·ÓÎÓ-
˜ÂÍ ı‡‡ÍÚÂÌÓ ‚˚ÒÓÍÓÂ ÒÓ‰ÂÊ‡ÌËÂ Û‡Ì‡ (734–
2456 ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ 1350 ÏÍ„/„) Ë ÌËÁÍÓÂ ÚÓËÈ-
Û‡ÌÓ‚ÓÂ ÓÚÌÓ¯ÂÌËÂ (0.01–0.14 ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ
0.04 ÏÍ„/„), Á‡ ËÒÍÎ˛˜ÂÌËÂÏ ÚÂı ÁÂÂÌ (Ú‡·Î. 1,
ÁÂÌ‡ 1.2, 4, 6.2), ‚ ÁÓÌ‡Î¸Ì˚ı fl‰‡ı ÍÓÚÓ˚ı ÓÚ-
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êËÒ. 8. ÑË‡„‡ÏÏ‡ Ò ÍÓÌÍÓ‰ËÂÈ ‰Îfl ˆËÍÓÌÓ‚ ËÁ ÏË„Ï‡ÚËÁËÓ‚‡ÌÌ˚ı „‡Ì‡ÚÓ‚˚ı ‡ÏÙË·ÓÎËÚÓ‚ (ÔÓ·‡ 294Ô). 
ÑËÒÍÓ‰Ëfl: í1 = 1923 ± 11, í2 = 361 ± 110 ÏÎÌ. ÎÂÚ, ëäÇé = 1.3 (ÔÓ‚Â‰ÂÌ‡ ˜ÂÂÁ ‚ÒÂ ÚÓ˜ÍË, ÒÏ. Ú‡·Î. 1). ìÒÎÓ‚Ì˚Â Ó·Ó-
ÁÌ‡˜ÂÌËfl ÒÏ. Ì‡ ËÒ. 3.



ëíêÄíàÉêÄîàü. ÉÖéãéÉàóÖëäÄü äéêêÖãüñàü      ÚÓÏ 17      ‹ 4      2009

ÉãÄÇçõÖ ùíÄèõ îéêåàêéÇÄçàü èÄãÖéÄêïÖâëäéâ äéêõ 19

0.20

2 3
207Pb/235U

500

0 0.2

U
, Ï

Í„
/„

Th/U
0.4 0.6 0.8 1.0

1000

1500

2000

2500

4 5 6
0.16

0.24

0.28

0.32

0.36

206Pb/238U

1500

1300

2100

1700

7

0.40

1900

êËÒ. 9. ÑË‡„‡ÏÏ‡ Ò ÍÓÌÍÓ‰ËÂÈ ‰Îfl ˆËÍÓÌÓ‚ ËÁ ÏÂÁÓÍ‡ÚÓ‚˚ı „‡Ì‡Ú-·ËÓÚËÚÓ‚˚ı ÔÎ‡„ËÓ„ÌÂÈÒÓ‚ (ÔÓ·‡ 565Ê). 
ÑËÒÍÓ‰Ëfl: í1 = 1960 ± 20, í2 = 620 ± 110 ÏÎÌ. ÎÂÚ, ëäÇé = 1.9 (ÔÓ‚Â‰ÂÌ‡ ˜ÂÂÁ ‚ÒÂ ÚÓ˜ÍË, ÒÏ. Ú‡·Î. 1). ìÒÎÓ‚Ì˚Â Ó·Ó-
ÁÌ‡˜ÂÌËfl ÒÏ. Ì‡ ËÒ. 3.

ÏÂ˜‡ÂÚÒfl ‚˚ÒÓÍÓÂ ÒÓ‰ÂÊ‡ÌËÂ ÚÓËfl (146–680
ÏÍ„/„, ‚ ÒÂ‰ÌÂÏ 410 ÏÍ„/„) Ë ‚˚ÒÓÍÓÂ Th/U ÓÚÌÓ-
¯ÂÌËÂ (0.46–0.59, ‚ ÒÂ‰ÌÂÏ 0.51). èË ˝ÚÓÏ ÚË-
ÔË˜Ì˚Â ‰Îfl Ï‡„Ï‡ÚË˜ÂÒÍËı ˆËÍÓÌÓ‚ ÓÚÌÓ¯ÂÌËfl
Th/U ÒÓı‡Ìfl˛ÚÒfl ÚÓÎ¸ÍÓ ‚ ÌÂÍÓÚÓ˚ı ÔËÁÏ‡ÚË-
˜ÂÒÍËı Ë ˝ÎÎËÔÒÓË‰‡Î¸Ì˚ı ÍËÒÚ‡ÎÎ‡ı, ‡ ‚ ¯‡Ó-
Ó·‡ÁÌ˚ı ÁÂÌ‡ı ÓÚÏÂ˜‡˛ÚÒfl ı‡‡ÍÚÂÌ˚Â ‰Îfl
ÏÂÚ‡ÏÓÙË˜ÂÒÍËı ̂ ËÍÓÌÓ‚ ÌËÁÍËÂ Th/U ÓÚÌÓ¯Â-
ÌËfl. Ñ‚ÂÌ‡‰ˆ‡Ú¸ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÚÓ˜ÂÍ ÙÓ-
ÏËÛ˛Ú ÎËÌË˛ Â„ÂÒÒËË Ò Ô‡‡ÏÂÚ‡ÏË T1 =
= 1960 ± 20 ÏÎÌ. ÎÂÚ, T2 = 620 ± 110 ÏÎÌ. ÎÂÚ,
ëäÇé = 1.9 (Ú‡·Î. 1, ËÒ. 9). ÇÂıÌÂÂ ÔÂÂÒÂ˜ÂÌËÂ
Ò ÍÓÌÍÓ‰ËÂÈ ÒÓ‚Ô‡‰‡ÂÚ Ò ÍÓÌÍÓ‰‡ÌÚÌÓÈ ÚÓ˜ÍÓÈ,
ËÏÂ˛˘ÂÈ ‚ÓÁ‡ÒÚ 1959 ± 15 ÏÎÌ. ÎÂÚ, ‚ÂÓflÚÌÓ ÓÚ-
‡Ê‡˛˘ËÈ ‚ÂÏfl ÔÓfl‚ÎÂÌËfl ÔÓˆÂÒÒÓ‚ ÏÂÚ‡-
ÏÓÙËÁÏ‡ ‡ÏÙË·ÓÎËÚÓ‚ÓÈ Ù‡ˆËË; ÌËÊÌÂÂ ÔÂÂ-
ÒÂ˜ÂÌËÂ ÚÛ‰ÌÓ ËÌÚÂÔÂÚËÛÂÚÒfl ËÁ-Á‡ ·ÓÎ¸¯ÓÈ
ÔÓ„Â¯ÌÓÒÚË Â„Ó ÓÔÂ‰ÂÎÂÌËfl. êÂÁÛÎ¸Ú‡Ú˚ Sm-
Nd ËÒÒÎÂ‰Ó‚‡ÌËÈ ÔÓÁ‚ÓÎfl˛Ú ÔÂ‰ÔÓÎ‡„‡Ú¸ Ô‡ÎÂÓ-
‡ıÂÈÒÍËÈ ‚ÓÁ‡ÒÚ ÔÓÚÓÎËÚ‡ ‰Îfl ÏÂÁÓÍ‡ÚÓ‚˚ı
„‡Ì‡Ú-·ËÓÚËÚÓ‚˚ı ÔÎ‡„ËÓ„ÌÂÈÒÓ‚, Ú‡Í Í‡Í ‰Îfl
‰‚Ûı ÔÓ· (87‡, 207Î) ÔÓÎÛ˜ÂÌ˚ ÏÓ‰ÂÎ¸Ì˚Â Sm-Nd
‚ÓÁ‡ÒÚ˚ 3647 Ë 3677 ÏÎÌ. ÎÂÚ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ
(Ú‡·Î. 2). 

ÑÎfl ‰ËÓÔÒË‰-„‡Ì‡ÚÓ‚ÓÈ ˝ÍÎÓ„ËÚÓÔÓ‰Ó·ÌÓÈ
ÔÓÓ‰˚ (ÔÓ·‡ 479Ê) ÚËÔË˜Ì˚ ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ
ÒÍÓÎÍË ˆËÍÓÌÓ‚ ‡ÁÏÂÓÏ ÓÚ 80 ‰Ó 320 ÏÍÏ, Â-

ÊÂ ÓÚÏÂ˜‡˛ÚÒfl ÒÛ·Ë‰ËÓÏÓÙÌ˚Â ÍÓÓÚÍÓÔËÁ-
Ï‡ÚË˜ÂÒÍËÂ Ë ¯‡ÓÓ·‡ÁÌ˚Â ÁÂÌ‡. Ç ÔÓıÓ‰fl-
˘ÂÏ Ò‚ÂÚÂ Ë äã Ì‡·Î˛‰‡˛ÚÒfl ÌÂflÒÌÓ ‚˚‡ÊÂÌ-
ÌÓÂ fl‰Ó Ë ·ÓÎÂÂ ÚÂÏÌ‡fl Ó·ÓÎÓ˜Í‡. àÌÓ„‰‡
ÓÚÏÂ˜‡˛ÚÒfl ÂÎËÍÚ˚ ÒÎ‡·Ó‚˚‡ÊÂÌÌÓÈ ËÚÏË-
˜ÂÒÍÓÈ ÁÓÌ‡Î¸ÌÓÒÚË. ÑÎfl ‚ÒÂı ÁÂÂÌ ı‡‡ÍÚÂÌ˚
‚˚ÒÓÍÓÂ ÒÓ‰ÂÊ‡ÌËÂ Û‡Ì‡ (618–1018 ÏÍ„/„, ‚
ÒÂ‰ÌÂÏ 880 ÏÍ„/„) Ë Ó˜ÂÌ¸ ÌËÁÍÓÂ Th/U ÓÚÌÓ¯Â-
ÌËÂ (0.02–0.04, ‚ ÒÂ‰ÌÂÏ 0.03). U-Pb ËÁÓÚÓÔÌ˚È
‡Ì‡ÎËÁ (Ú‡·Î. 1, ËÒ. 10) ÔÓÍ‡Á‡Î, ˜ÚÓ ·ÓÎ¸¯‡fl
˜‡ÒÚ¸ ˆËÍÓÌÓ‚ ËÏÂ˛Ú ÍÓÌÍÓ‰‡ÌÚÌ˚Â ‚ÓÁ‡ÒÚ˚
ÓÚ 1826 ± 10 ‰Ó 1860 ± 8 ÏÎÌ. ÎÂÚ, ‡ ‚Òfl ÒÓ‚ÓÍÛÔ-
ÌÓÒÚ¸ ÚÓ˜ÂÍ (Á‡ ËÒÍÎ˛˜ÂÌËÂÏ 2.1) ÎÓÊËÚÒfl Ì‡
‰ËÒÍÓ‰Ë˛ (í1 = 1865 ± 13 ÏÎÌ. ÎÂÚ, í2 = 545 ±
± 250 ÏÎÌ. ÎÂÚ, ëäÇé = 0.26), ‚ÂıÌÂÂ ÔÂÂÒÂ˜ÂÌËÂ
ÍÓÚÓÓÈ Ò ÍÓÌÍÓ‰ËÂÈ ÔÓÔ‡‰‡ÂÚ Ì‡ ÍÓÌÍÓ‰‡ÌÚÌÛ˛
ÚÓ˜ÍÛ, ËÏÂ˛˘Û˛ ‚ÓÁ‡ÒÚ 1857 ± 7 ÏÎÌ. ÎÂÚ. èÓÎÛ-
˜ÂÌÌ˚Â ‰‡ÌÌ˚Â ÔÓÁ‚ÓÎfl˛Ú Ò˜ËÚ‡Ú¸, ̃ ÚÓ ÙÓÏËÓ-
‚‡ÌËÂ ˝ÍÎÓ„ËÚÓÔÓ‰Ó·Ì˚ı ÔÓÓ‰ ÔÓËÒıÓ‰ËÎÓ ‚
‡ÌÌÂÔÓÚÂÓÁÓÈÒÍÓÂ ‚ÂÏfl – 1860 ÏÎÌ. ÎÂÚ Ì‡Á‡‰.

éÅëìÜÑÖçàÖ êÖáìãúíÄíéÇ

èÓ‚Â‰ÂÌÌÓÂ ËÁÓÚÓÔÌÓ-„ÂÓıÓÌÓÎÓ„Ë˜ÂÒÍÓÂ ËÒ-
ÒÎÂ‰Ó‚‡ÌËÂ, ÔÂÊ‰Â ‚ÒÂ„Ó, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ‚ÂÒ¸Ï‡
‰Â‚ÌÂÏ (˝ÓÔ‡ÎÂÓ‡ıÂÈ) ‚ÂÏÂÌË ÙÓÏËÓ‚‡ÌËfl
ÔÓÚÓÎËÚ‡ ÏÂÚ‡ÏÓÙË˜ÂÒÍËı Ó·‡ÁÓ‚‡ÌËÈ ÓıÓÚ-
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äÛÁ¸ÏËÌ Ë ‰.

ÒÍÓÈ ÒÂËË. ùÓ‡ıÂÈÒÍËÂ U-Pb ‰‡ÚËÓ‚ÍË (3686 ±
± 4 ÏÎÌ. ÎÂÚ) ÔÓ ̂ ËÍÓÌÛ Ï‡„Ï‡ÚË˜ÂÒÍÓ„Ó „ÂÌÂÁËÒ‡
ËÁ „ËÔÂÒÚÂÌ-ÔÎ‡„ËÓÍÎ‡ÁÓ‚˚ı „‡ÌÛÎËÚÓ‚, ÔÓ‰-
Ú‚ÂÊ‰ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú‡ÏË Sm-Nd ‡Ì‡ÎËÁ‡ ÔÓ ÔÓ-
Ó‰Â (3696 ÏÎÌ. ÎÂÚ), ÔÓÁ‚ÓÎfl˛Ú ‚˚‰ÂÎËÚ¸ ‰Â‚-
ÌÂÈ¯ËÈ ˝Ó‡ıÂÈÒÍËÈ Ï‡„Ï‡ÚË˜ÂÒÍËÈ ÍÓÏÔÎÂÍÒ.
ëÎ‡„‡˛˘ËÂ ÓÒÌÓ‚ÌÛ˛ Ï‡ÒÒÛ ÓıÓÚÒÍÓÈ ÒÂËË „ÌÂÈ-
Ò˚ Ë ‡ÏÙË·ÓÎËÚ˚ ÙÓÏËÛ˛Ú ·ÓÎÂÂ ÏÓÎÓ‰ÓÈ Ô‡-
ÎÂÓ‡ıÂÈÒÍËÈ ÍÓÏÔÎÂÍÒ. U-Pb ‚ÓÁ‡ÒÚ Â„Ó Ó·‡ÁÓ-
‚‡ÌËfl ÔÓ Ï‡„Ï‡ÚË˜ÂÒÍÓÏÛ ˆËÍÓÌÛ ‚ „ÌÂÈÒËÓ‚‡Ì-
Ì˚ı „‡ÌËÚ‡ı, ‡ÏÙË·ÓÎËÚ‡ı Ë „ÌÂÈÒ‡ı ÒÓÒÚ‡‚ÎflÂÚ
3334 ± 9, 3323 ± 6 Ë 3261 ± 6 ÏÎÌ. ÎÂÚ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ, ‡ Ò‡ÏË ‡ÏÙË·ÓÎËÚ˚ Ë „ÌÂÈÒ˚ ı‡‡ÍÚÂËÁÛ˛ÚÒfl
Nd-ÏÓ‰ÂÎ¸Ì˚ÏË ‚ÓÁ‡ÒÚ‡ÏË 3256 Ë 3345 ÏÎÌ. ÎÂÚ
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. ê‡Á˚‚ ÏÂÊ‰Û ‚ÂÏÂÌÂÏ ÍË-
ÒÚ‡ÎÎËÁ‡ˆËË ˆËÍÓÌÓ‚ Ë Nd-ÏÓ‰ÂÎ¸Ì˚ÏË ‚ÓÁ‡Ò-
Ú‡ÏË ÔÓÓ‰ ÌÂÁÌ‡˜ËÚÂÎÂÌ, ˜ÚÓ, ‚ÓÁÏÓÊÌÓ, Ò‚Ë‰Â-
ÚÂÎ¸ÒÚ‚ÛÂÚ Ó· Ëı ÔËÌ‡‰ÎÂÊÌÓÒÚË Í Â‰ËÌÓÈ ‰ËÙÙÂ-
ÂÌˆËÓ‚‡ÌÌÓÈ Ï‡„Ï‡ÚË˜ÂÒÍÓÈ ÒÂËË, ‡ Ú‡ÍÊÂ Ó·
ÓÚÒÛÚÒÚ‚ËË ‚ ËÒÚÓ˜ÌËÍ‡ı ‡ÏÙË·ÓÎËÚÓ‚ Ë „ÌÂÈÒÓ‚
Ï‡ÚÂË‡Î‡ Ò ‰ÎËÚÂÎ¸ÌÓÈ ÍÓÓ‚ÓÈ ÔÂ‰˚ÒÚÓËÂÈ. 

ëÛÏÏËÛfl ÔÂÂ˜ËÒÎÂÌÌ˚Â ÌÓ‚˚Â ‰‡ÌÌ˚Â ÔÓ
‰Â‚ÌÂÈ¯ËÏ ÔÓÓ‰‡Ï äÛıÚÛÈÒÍÓ„Ó ‚˚ÒÚÛÔ‡, ÏÓÊ-
ÌÓ ÔËÈÚË Í Á‡ÍÎ˛˜ÂÌË˛, ˜ÚÓ ÓıÓÚÒÍ‡fl ÒÂËfl
ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÒÎÓÊÌÓÂ ˜ÂÂ‰Ó‚‡ÌËÂ ËÎË,
‚ÓÁÏÓÊÌÓ, ÚÂÍÚÓÌË˜ÂÒÍÛ˛ ÒÏÂÒ¸ ‡ÁÌÓ‚ÓÁ‡ÒÚ-
Ì˚ı Ï‡„Ï‡ÚË˜ÂÒÍËı Ó·‡ÁÓ‚‡ÌËÈ, Ë ÚÓÎ¸ÍÓ ˜‡ÒÚ¸

ËÁ ÌËı ÓÚÌÓÒËÚÒfl Í ‰Â‚ÌÂÈ¯ËÏ ˝Ó‡ıÂÈÒÍËÏ ÔÓ-
Ó‰‡Ï, ‡ ‰Û„‡fl ˜‡ÒÚ¸ ËÏÂÂÚ ÔÓÁ‰ÌÂÔ‡ÎÂÓ‡ıÂÈ-
ÒÍËÈ ‚ÓÁ‡ÒÚ (~3.25–3.35 ÏÎ‰. ÎÂÚ).

åÂÚ‡ÏÓÙË˜ÂÒÍ‡fl ËÒÚÓËfl äÛıÚÛÈÒÍÓ„Ó ‚˚-
ÒÚÛÔ‡ Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ÏÌÓ„Ó˝Ú‡ÔÌÓÏ ÔÂÓ·‡ÁÓ‚‡-
ÌËË ˝Ó‡ıÂÈÒÍËı Ë Ô‡ÎÂÓ‡ıÂÈÒÍËı Ï‡„Ï‡ÚË˜Â-
ÒÍËı Ó·‡ÁÓ‚‡ÌËÈ ‚ ÛÒÎÓ‚Ëflı „‡ÌÛÎËÚÓ‚ÓÈ Ë ‡Ï-
ÙË·ÓÎËÚÓ‚ÓÈ Ù‡ˆËË. Ç ‰Â‚ÌÂÈ¯Ëı ˝Ó‡ıÂÈÒÍËı
ÔÓÓ‰‡ı (ÔÓ·‡ 294Í) ÔËÒÛÚÒÚ‚Û˛Ú ˆËÍÓÌ˚,
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛˘ËÂ Ó ÒËÎ¸ÌÓÏ ÚÂÏ‡Î¸ÌÓÏ ‚ÓÁ-
‰ÂÈÒÚ‚ËË Ì‡ ÌËı ‚ ÔÓÁ‰ÌÂÏ Ô‡ÎÂÓ‡ıÂÂ. ÇÒÂ ‚ÓÒÂÏ¸
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÚÓ˜ÂÍ ̂ ËÍÓÌÓ‚ ‚ÚÓÓÈ „ÛÔ-
Ô˚ Ó·‡ÁÛ˛Ú ‰ËÒÍÓ‰Ë˛, ‚ÂıÌÂÂ ÔÂÂÒÂ˜ÂÌËÂ
ÍÓÚÓÓÈ Ò ÍÓÌÍÓ‰ËÂÈ ·ÎËÁÍÓ Í ÚÓ˜ÍÂ Ò ÍÓÌÍÓ-
‰‡ÌÚÌ˚Ï ‚ÓÁ‡ÒÚÓÏ 3333 ÏÎÌ. ÎÂÚ. é‰Ì‡ÍÓ Ï˚ ÌÂ
Ó·Î‡‰‡ÂÏ ÌËÍ‡ÍËÏË ‰‡ÌÌ˚ÏË Ó P-T ÛÒÎÓ‚Ëflı ˝ÚËı
ËÁÏÂÌÂÌËÈ, ıÓÚfl ÔÓ „ÂÓıËÏË˜ÂÒÍËÏ ÓÒÓ·ÂÌÌÓÒÚflÏ
˝ÚË ˆËÍÓÌ˚ ÒıÓ‰Ì˚ Ò ÏÂÚ‡ÏÓÙË˜ÂÒÍËÏË (ÌËÁÍÓÂ
Th/U = 0.1 Ë ‚˚ÒÓÍÓÂ ÒÓ‰ÂÊ‡ÌËÂ U = 2070 ÏÍ„/„),
˜ÚÓ ÔÓÁ‚ÓÎflÂÚ ÔÂ‰ÔÓÎ‡„‡Ú¸ ÔÓfl‚ÎÂÌËÂ ‡ÌÌÂ„Ó
„‡ÌÛÎËÚÓ‚Ó„Ó ÏÂÚ‡ÏÓÙËÁÏ‡ ÓÍÓÎÓ 3.3 ÏÎ‰.
ÎÂÚ Ì‡Á‡‰. ÇÓÁ‡ÒÚ ÏÂÚ‡ÏÓÙË˜ÂÒÍËı ËÁÏÂÌÂÌËÈ
„‡ÌËÚÓ‚ ‚ ÛÒÎÓ‚Ëflı „‡ÌÛÎËÚÓ‚ÓÈ Ù‡ˆËË, ÔÓ-
fl‚Ë‚¯ËıÒfl ‚ ÔÓfl‚ÎÂÌËË ÌÓ‚ÓÓ·‡ÁÓ‚‡ÌÌÓÈ Í‡ÈÏ˚
Ì‡ ÍËÒÚ‡ÎÎ‡ı ˆËÍÓÌÓ‚, ÓÔÂ‰ÂÎflÂÚÒfl ÍÓÌÍÓ-
‰‡ÌÚÌ˚Ï ÁÌ‡˜ÂÌËÂÏ 2729 ± 15 ÏÎÌ. ÎÂÚ. ÑÛ„‡fl
ÍÓÌÍÓ‰‡ÌÚÌ‡fl ‰‡ÚËÓ‚Í‡ Ó·ÓÎÓ˜ÍË ˝ÎÎËÔÒÓË-
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êËÒ. 10. ÑË‡„‡ÏÏ‡ Ò ÍÓÌÍÓ‰ËÂÈ ‰Îfl ˆËÍÓÌÓ‚ ËÁ ‰ËÓÔÒË‰-„‡Ì‡ÚÓ‚Ó„Ó ˝ÍÎÓ„ËÚÓË‰‡ (ÔÓ·‡ 479Ê). 
ÑËÒÍÓ‰Ëfl: í1 = 1865 ± 13, í2 = 545 ± 250 ÏÎÌ. ÎÂÚ, ëäÇé = 0.26 (ÔÓ‚Â‰ÂÌ‡ ˜ÂÂÁ ‚ÒÂ ÚÓ˜ÍË Á‡ ËÒÍÎ˛˜ÂÌËÂÏ 2.1,
ÒÏ. Ú‡·Î. 1). ìÒÎÓ‚Ì˚Â Ó·ÓÁÌ‡˜ÂÌËfl ÒÏ. Ì‡ ËÒ. 3.
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‰‡Î¸ÌÓ„Ó ÁÂÌ‡, ‚ÓÁÏÓÊÌÓ, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó
ÔÓfl‚ÎÂÌËË ˝ÔËÁÓ‰‡ „‡ÌÛÎËÚÓ‚Ó„Ó ÏÂÚ‡ÏÓÙËÁ-
Ï‡ 2606 ± 11 ÏÎÌ. ÎÂÚ Ì‡Á‡‰. 

íÂÏ‡Î¸ÌÓÂ ÒÓ·˚ÚËÂ Ò ‚ÓÁ‡ÒÚÓÏ 1.9 ÏÎ‰. ÎÂÚ
Á‡ÙËÍÒËÓ‚‡ÌÓ ‚ ÔÓÁ‰ÌËı ÒÂÍÚÓË‡Î¸ÌÓ ÁÓÌ‡Î¸-
Ì˚ı ÓÍÛ„Î˚ı ˆËÍÓÌ‡ı ‰ËÓÔÒË‰Ó‚˚ı ‡ÏÙË·ÓÎË-
ÚÓ‚ (1907 ± 10 ÏÎÌ. ÎÂÚ) Ë ‚ ÓÚÓÓ˜ÍÂ ‰ÎËÌÌÓÔËÁ-
Ï‡ÚË˜ÂÒÍÓ„Ó ÁÂÌ‡ ‚ ÚÂı ÊÂ ÔÓÓ‰‡ı (1939 ±
± 54 ÏÎÌ. ÎÂÚ). ÑÎfl „‡Ì‡ÚÓ‚˚ı ‡ÏÙË·ÓÎËÚÓ‚ ‚ÒÂ
Ó‰ËÌÌ‡‰ˆ‡Ú¸ ÚÓ˜ÂÍ ËÁÓÚÓÔÌÓ„Ó ÒÓÒÚ‡‚‡ fl‰Â Ë
Ó·ÓÎÓ˜ÂÍ ˆËÍÓÌÓ‚ ‡ÁÎË˜ÌÓ„Ó „‡·ËÚÛÒ‡ Ó·‡ÁÛ-
˛Ú ÎËÌË˛ Â„ÂÒÒËË, ‚ÂıÌÂÂ ÔÂÂÒÂ˜ÂÌËÂ ÍÓÚÓ-
ÓÈ Ò ÍÓÌÍÓ‰ËÂÈ ÔÓÔ‡‰‡ÂÚ Ì‡ ÚÓ˜ÍÛ Ò ÍÓÌÍÓ‰‡ÌÚ-
Ì˚Ï ‚ÓÁ‡ÒÚÓÏ 1906 ± 34 ÏÎÌ. ÎÂÚ, ÓÚ‡Ê‡˛˘ËÏ,
‚ÂÓflÚÌÓ, ‚ÂÏfl ÏË„Ï‡ÚËÁ‡ˆËË. ÑÎfl ÔËÁÏ‡ÚË˜Â-
ÒÍËı ˆËÍÓÌÓ‚ Ò ÌËÁÍËÏ ÒÓ‰ÂÊ‡ÌËÂÏ Û‡Ì‡ Ë
Ó˜ÂÌ¸ ÌËÁÍËÏ ÚÓËÈ-Û‡ÌÓ‚˚Ï ÓÚÌÓ¯ÂÌËÂÏ ÔÓÎÛ-
˜ÂÌ˚ ‰‡ÚËÓ‚ÍË 1876 ± 11 Ë 1862 ± 18 ÏÎÌ. ÎÂÚ.

åÂÚ‡ÏÓÙË˜ÂÒÍ‡fl ÒÚÛÍÚÛ‡ äÛıÚÛÈÒÍÓ„Ó ‚˚-
ÒÚÛÔ‡ – ÂÁÛÎ¸Ú‡Ú ÏÌÓ„Ó˝Ú‡ÔÌÓ„Ó ÔÂÓ·‡ÁÓ‚‡ÌËfl
‡ıÂÈÒÍËı ‡ÁÌÓ‚ÓÁ‡ÒÚÌ˚ı Ï‡„Ï‡ÚË˜ÂÒÍËı ÔÓÓ‰
‚ P-T ÛÒÎÓ‚Ëflı „‡ÌÛÎËÚÓ‚ÓÈ Ë ‡ÏÙË·ÓÎËÚÓ‚ÓÈ Ù‡-
ˆËË. èÓÎÛ˜ÂÌÌ˚Â ÌÓ‚˚Â „ÂÓıÓÌÓÎÓ„Ë˜ÂÒÍËÂ ‰‡Ì-
Ì˚Â ÒÓ„Î‡ÒÛ˛ÚÒfl Ò Ì‡¯ËÏË „ÂÓÎÓ„Ë˜ÂÒÍËÏË Ë ÔÂÚ-
ÓÎÓ„Ë˜ÂÒÍËÏË ËÒÒÎÂ‰Ó‚‡ÌËflÏË, ÛÍ‡Á˚‚‡˛˘ËÏË
Ì‡ ÏÌÓ„ÓÍ‡ÚÌÛ˛ ÏÂÚ‡ÏÓÙË˜ÂÒÍÛ˛ Ë ÏÂÚ‡ÒÓÏ‡-
ÚË˜ÂÒÍÛ˛ ÔÂÂ‡·ÓÚÍÛ Ô‡ÎÂÓ‡ıÂÈÒÍÓ„Ó ÒÛ·ÒÚ‡-
Ú‡. ìÒÚ‡ÌÓ‚ÎÂÌÌ˚Â ‚ÓÁ‡ÒÚÌ˚Â Û·ÂÊË (ËÒ. 11) Ë
ÔËÛÓ˜ÂÌÌ˚Â Í ÌËÏ ÚÂÍÚÓÌË˜ÂÒÍËÂ, Ï‡„Ï‡ÚË˜Â-
ÒÍËÂ Ë ÏÂÚ‡ÏÓÙË˜ÂÒÍËÂ ÒÓ·˚ÚËfl ıÓÓ¯Ó ÍÓÂ-
ÎËÛ˛ÚÒfl ÒÓ ‚ÂÏÂÌÂÏ ÔÓfl‚ÎÂÌËfl ‡Ì‡ÎÓ„Ë˜Ì˚ı
ÔÓˆÂÒÒÓ‚ Ì‡ ‰Â‚ÌÂÈ¯Ëı ˘ËÚ‡ı. èÓ „ÂÓÎÓ„Ë˜Â-
ÒÍÓÏÛ ÒÚÓÂÌË˛, ÏÌÓ„Ó˝Ú‡ÔÌÓÒÚË ÚÂÍÚÓÌÓÚÂ-
Ï‡Î¸Ì˚ı ÔÂÓ·‡ÁÓ‚‡ÌËÈ, ÓÒÓ·ÂÌÌÓÒÚflÏ ÒÓÒÚ‡‚‡
ÔÓÓ‰ Ë ÏËÌÂ‡ÎÓ‚ ÓıÓÚÒÍËÈ „‡ÌÛÎËÚ-„ÌÂÈÒÓ‚˚È
ÍÓÏÔÎÂÍÒ ÒıÓ‰ÂÌ Ò ‡Ì‡ÎÓ„Ë˜Ì˚ÏË ÍÓÏÔÎÂÍÒ‡ÏË
á‡Ô‡‰ÌÓÈ Ä‚ÒÚ‡ÎËË, ÉÂÌÎ‡Ì‰ËË, ä‡Ì‡‰˚, ˜ÚÓ
ÔÓÁ‚ÓÎflÂÚ Ì‡‰ÂflÚ¸Òfl Ì‡ Ó·Ì‡ÛÊÂÌËÂ Ë ÒÂ‰Ë ÌËı
‰Â‚ÌÂÈ¯Ëı Ó·‡ÁÓ‚‡ÌËÈ áÂÏÎË Ò ‚ÓÁ‡ÒÚÓÏ
4.0 ÏÎ‰. ÎÂÚ Ë ‰Â‚ÌÂÂ.

ÇõÇéÑõ

êÂÁÛÎ¸Ú‡Ú˚ U-Pb ËÁÓÚÓÔÌÓ„Ó ‰‡ÚËÓ‚‡ÌËfl ̂ Ë-
ÍÓÌÓ‚ Ë Sm-Nd ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓ· „‡ÌÛÎËÚÓ‚,
‡ÏÙË·ÓÎËÚÓ‚, „ÌÂÈÒÓ‚Ë‰Ì˚ı „‡ÌËÚÓ‚, „ÌÂÈÒÓ‚ Ë
˝ÍÎÓ„ËÚÓÔÓ‰Ó·Ì˚ı ÔÓÓ‰ ‰ÂÏÓÌÒÚËÛ˛Ú ÒÎÓÊ-
ÌÛ˛ Ë ÏÌÓ„ÓÒÚ‡‰ËÈÌÛ˛ ËÒÚÓË˛ Ó·‡ÁÓ‚‡ÌËfl Ë
ËÁÏÂÌÂÌËfl Ëı ËÁÓÚÓÔÌ˚ı ÒËÒÚÂÏ, Â‡„ËÓ‚‡‚¯Ëı
Ì‡ ‡ÁÌÓÓ·‡ÁÌ˚Â ·ÓÎÂÂ ÔÓÁ‰ÌËÂ „ÂÓÎÓ„Ë˜ÂÒÍËÂ
ÒÓ·˚ÚËfl. ÄÌ‡ÎËÁ ‚ÒÂÈ ÒÓ‚ÓÍÛÔÌÓÒÚË ËÏÂ˛˘ËıÒfl
‰‡ÌÌ˚ı ÔÓÁ‚ÓÎflÂÚ ‚˚‰ÂÎËÚ¸ ÒÎÂ‰Û˛˘ËÂ „Î‡‚Ì˚Â
˝Ú‡Ô˚ ÙÓÏËÓ‚‡ÌËfl ÔÓÓ‰ äÛıÚÛÈÒÍÓ„Ó ‚˚ÒÚÛÔ‡:

1. ç‡Ë·ÓÎÂÂ ‰Â‚ÌÂÂ ÒÓ·˚ÚËÂ Á‡ÙËÍÒËÓ‚‡ÌÓ ‚
Ï‡„Ï‡ÚË˜ÂÒÍÓÏ ÔÓÚÓÎËÚÂ „‡ÌÛÎËÚÓ‚ (Ú‡·Î.1,
ÔÓ·‡ 294Í, ÚÓ˜Í‡ 2.1) – 3686 ± 4 ÏÎÌ. ÎÂÚ. èÓÁ‰ÌÂÂ
ÔÓÚÓÎËÚ „‡ÌÛÎËÚÓ‚ ÔÓ‰‚Â„Òfl ÏÌÓ„ÓÍ‡ÚÌ˚Ï
·ÓÎÂÂ ÔÓÁ‰ÌËÏ ÚÂÍÚÓÌÓÚÂÏ‡Î¸Ì˚Ï ÒÓ·˚ÚËflÏ,

ÔÓËÒıÓ‰Ë‚¯ËÏ ÓÍÓÎÓ 3.3 Ë, ‚ÓÁÏÓÊÌÓ, 0.7 ÏÎ‰.
ÎÂÚ Ì‡Á‡‰.

2. ëÓ·˚ÚËÂ ‚ ËÌÚÂ‚‡ÎÂ 3.25–3.35 ÏÎ‰. ÎÂÚ, Á‡-
ÙËÍÒËÓ‚‡ÌÌÓÂ ‚ ÔÓ·‡ı 133‚, 8‡, 10‡, 10· ËÁ Ë‰Ë-
ÓÏÓÙÌ˚ı fl‰Â ˆËÍÓÌÓ‚, ÓÚ‡Ê‡ÂÚ ‚ÂÏfl ÙÓ-
ÏËÓ‚‡ÌËfl ÔÂÓ·Î‡‰‡˛˘ÂÈ Ï‡ÒÒ˚ Ï‡„Ï‡ÚË˜ÂÒÍËı
ÔÓÓ‰ ÓÒÌÓ‚ÌÓ„Ó-ÍËÒÎÓ„Ó ÒÓÒÚ‡‚‡, ÒÎ‡„‡˛˘Ëı
ÓıÓÚÒÍËÈ ÍÓÏÔÎÂÍÒ. 

3. ëÓ·˚ÚËÂ 2.8 ÏÎ‰. ÎÂÚ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ „‡ÌÛ-
ÎËÚÓ‚ÓÏÛ ÏÂÚ‡ÏÓÙËÁÏÛ, Óı‚‡ÚË‚¯ÂÏÛ Í‡Í ˝Ó‡-
ıÂÈÒÍËÂ, Ú‡Í Ë Ô‡ÎÂÓ‡ıÂÈÒÍËÂ ÔÓÓ‰˚.

4. ëÓ·˚ÚËÂ 1.9 ÏÎ‰. ÎÂÚ – ˝ÚÓ ÔÓ‚ÒÂÏÂÒÚÌÓÂ
ÔÓfl‚ÎÂÌËÂ ÏÂÚ‡ÏÓÙËÁÏ‡ ‚ ÛÒÎÓ‚Ëflı ‡ÏÙË·ÓÎË-
ÚÓ‚ÓÈ Ù‡ˆËË Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÏË„Ï‡ÚËÁ‡ˆËË.

5. ëÓ·˚ÚËÂ 0.4 ÏÎ‰. ÎÂÚ – Ó‰Ó‚ËÍÒÍ‡fl ‡ÍÚË-
‚ËÁ‡ˆËfl éıÓÚÒÍÓ„Ó Ï‡ÒÒË‚‡.
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